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INTRODUCTION OF PRESIDENT STEPHEN G. KAYES 
Raymond E. Kuhn 
Department of Biology, Wake Forest University, Winston-Salem, North Caroliha 27106. 
I have known Dr. Stephen Kayes for 30 years. I met him on 
a mountain in Virginia in 1977. He was beginning a postdoc-
toral fellowship with Dr. Daniel Colley at Vanderbilt University, 
and we have remained close friends and colleagues for all of 
this time. 
Steve did his undergraduate work at the University of Wis-
consin-Madison in Zoology before joining John Oaks's lab at 
Tulane University, where he earned his Master's in parasitology. 
Steve then followed Professor Oaks to the University of Iowa 
where he finished his Ph.D. in Anatomy. On completing his 
postdoc with Dan Colley, he became an assistant professor at 
the University of South Alabama School of Medicine, where 
he remains today as Professor of Microbiology and Immunol-
ogy and Professor of Structural and Cellular Biology. 
Steve has taught an astounding number of different courses, 
from neuroanatomy to medical histology to chemotaxis and cell 
motility and, of course, medical parasitology. His excellence in 
teaching has resulted in Steve being awarded Outstanding Fac-
ulty Recognition and the "Top Prof" award by students at the 
medical school. In fact, he has received 10 awards for Outstand-
ing Faculty Recognition since 1995. His participation as a fac-
ulty member is made evident by his extensive involvement on 
important university committees. 
Steve is actively involved with all of the major scientific 
societies related to his research interests. He has served the 
American Society of Parasitologists on many of its national 
committees. Likewise, he has served the Southeastern Society 
of Parasitologists with distinction as President and on several 
committees. For both SSP and ASp, Steve has chaired local 
arrangement committees for annual meetings, including the 
ASP meeting in Mobile in 2005. Steve and his committee had 
put together a great meeting agenda with a fantastic reception 
only to have Hurricane Dennis force an evacuation of Mobile 
the second day of the meeting. It was a great disappointment 
for Steve and his committee, as well as for all of us who were 
there to enjoy the fruits of their labors. 
Except for his sojourn in Dan Colley's lab, where he did 
some important studies on experimental schistosomiasis, Steve 
has focused mainly on Toxocara canis. He has an extensive list 
of articles in refereed journals as well as a number of book 
chapters and books. 
Clearly, Steve is a well-recognized scholar, teacher, and lead-
er. And he is really a great person. He is a person of extraor-
dinary optimism. You can easily see that he genuinely likes 
people. He is fun to be with and, as we all know, he is quick 
to laugh and just as quick to express his opinion, however un-
popular that opinion might be. In short, he is a pleasure to 
know, and I feel lucky that I have known him for 30 years and 
that he is my friend. 
We are, indeed, fortunate to have Steve's service as President 
of the American Society of Parasitologists, and I am particularly 
pleased and honored to introduce him as our President. 
1253 
PRESIDENTIAL ADDRESS* 
J. Parasitol.. 93(6). 2oo? pp. 1254-1261 
© American Society of Parasitologists 2007 
CONVENTIONAL WISDOM AND A TALE OF TWO CYTOKINES 
Stephen G. Kayes 
Department of Cell Biology and Neuroscience, 1201 MSB, University of South Alabama, 307 University Boulevard, 
Mobile, Alabama 36688-0002. e-mail: skayes@usouthal.edu 
Thank you, Ray, not only for your introduction but for being 
a good friend and colleague through the years. To the members 
of the American Society of Parasitologists, I would like to thank 
you for the honor of representing you and our Society as your 
President. It is an honor that I neither anticipated nor expected. 
President Flisser, members and guests, be it from Mexico, Can-
ada, the Unites States or elsewhere, I am honored by your pres-
ence here this afternoon. 
I have always been impressed with the number of disciplines 
one must use to understand the host-parasite relationship. You 
can get a feel for this diversity, in a small way, by looking at 
the various topics for which there is an assigned Associate Ed-
itor listed on the front cover of the Journal of Parasitology. 
But you will notice no mention of paleoparasitology or archeo-
parasitology, no mention of socioparasitology or cultural para-
sitology, no mention of climatic parasitology or of the econom-
ics of the parasitism. These almost-disciplines are also often 
useful in interpreting that which is the host-parasite relation-
ship. 
For my address to you today, I want to tell you about 2 
chemical mediators, called cytokines, that are active partici-
pants in the inflammatory reaction. In telling you about how 
the host and parasite exploit these cytokines, each for their own 
purpose, I hope you will come to appreciate, if you do not 
already, the multidisciplinary contributions that leave us with a 
much greater understanding of the host-parasite interaction. I 
have tried to incorporate the role of coevolution as a subtext 
because it has so obviously chosen these 2 cytokines to be 
something more than just chemical messenger molecules in in-
flammation. 
THE NATURE OF CONVENTIONAL WISDOM 
After more than 35 years of studying parasites from the per-
spective of the host, I have come to the philosophical realization 
that we all learn and commit to memory what we know about 
parasites or anything else for that matter, in hierarchal arrange-
ments from the very simple to the exceedingly complex. I have 
begun to wonder whether an upside-down pyramid might rep-
resent what each one of us knows abO'rit the natural world, with 
the apex representing the one fact that is absolutely true (Fig. 
1). Everything else would somehow relate to that penultimate 
truth but would be subject to more and more uncertainty. Those 
topics somewhat removed from the apex would comprise the 
conventional wisdom of our personal fund of knowledge and 
to each of us, it would be absolutely true. Or would it? 
According to Steven Levitt in his book, Freakonomics (Levitt 
and Dubner, 2005), it was John Kenneth Galbraith who first 
came up with the term, "Conventional Wisdom". He did not 
* Presidential address: American Society of Parasitologists, 21 June 
2007, Merida, Mexico. 
consider it to be a compliment. Galbraith felt that, "we asso-
ciate truth with convenience with what most closely accords 
with self-interest, and personal well being or promises best to 
avoid awkward effort or unwelcome dislocation of life." We 
adhere to those ideas that represent our understanding. So, the 
conventional wisdom to Galbraith's way of looking at it would 
be simple, convenient, comfortable, and comforting-although 
not necessarily true (Levitt and Dubner, 2005). 
So, let this be the beginning of our exploration of 2 biological 
molecules called cytokines that play important roles in the in-
flammatory response to infectious agents, including those or-
ganisms conventionally considered the parasites. Before start-
ing, I would like to rephrase John Galbraith's definition by stat-
ing that the conventional wisdom allows for warm and fuzzy 
thinking that contributes to our sense of understanding the nat-
ural world but only to the extent that it accounts for those facts 
with which we agree, and disregards those facts that we either 
don't understand, don't yet know about, or don't wish to con-
sider. 
THE NATURE OF INFLAMMATION 
So, what is inflammation? It is a fundamental biological pro-
.cess in which white blood cells leave the bloodstream and mi-
grate into the connective tissues to confront either a pathogen 
or irritant with the intent to neutralize or eliminate it. This pro-
cess can be characterized in many ways. Typically, inflamma-
tion is described as being either acute, subacute, or chronic. 
These descriptors are bestowed based on the amount of time 
that has passed since the process began. If one observes inflam-
mation with the light microscope, then it is possible to char-
acterize inflammation by the predominate type of white blood 
cell observed. When neutrophils predominate we say that the 
inflammation is in its acute state because in the most frequently 
seen inflammatory responses, such as those observed in bac-
terial infections, neutrophils are the first cells to mobilize and 
they are able to migrate quickly to the site of infection. If the 
microscope reveals mostly lymphocytes or monocytes, the cells 
coW:ctively referred to as mononuclears, then the inflammation 
is said to be chronic and takes longer to develop. Typical re-
sponses seen in tuberculosis, toxocariasis, and schistosomiasis 
are each examples of this type of inflammation, but such in-
flammation will not be seen immediately upon infection, it re-
quires a week or more, to become discernible. 
Most parasitologists know that parasites, especially the 
roundworms, are associated with eosinophils, both in the pe-
ripheral blood and in the connective tissue reactions where the 
worms are usually found. We might even say it is conventional 
wisdom that tissue-invasive parasites elicit eosinophilic inflam-
mation. Is the conventional wisdom really correct, partially cor-
rect, or false? The answer is correct and partially correct. As 
can be seen in the Figure 2A, eosinophils are massed in the 
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FIGURE 1. Pyramid of knowledge showing relative position of the 
"conventional wisdom" relative to absolute truth. 
connective tissue and presumably are moving toward the par-
asite, which is not seen in this image. This picture was taken 
12 days after infection began. If, however, we look at the same 
area 10 days earlier, we see that there are virtually no eosino-
phils and almost all neutrophils (Fig. 2B). 
So, what do we think has happened here? Hematologists tell 
us that neutrophils account for 60% or more of all the white 
blood cells in the circulation. Because they have a short life 
span, on the order of a few days, the body makes and then 
circulates neutrophils on the order of billions of cells per day. 
In addition, about half the body's supply exist in the marginated 
pool, a state where neutrophils seem to accumulate in the tor-
tuous capillary beds of the lungs and there wait for a call to 
action. There, these ready reserves can be mobilized in times 
of need. Eosinophils, on the other hand, constitute an extremely 
small percentage of the circulating pool of white blood cells, 
usually about 3%, and if they are suddenly required in large 
numbers as when helminthic parasites invade the connective 
tissues, then the factories that make eosinophils, the bone- mar-
row, must increase production. Maturation and emigration from 
marrow via the circulation to the site of the pathogen take time, 
measured in days to a week, or more. Therefore, with the pas-
sage of time, eosinophils can and do supplant neutrophils as 
the predominant leucocyte present in the inflammatory response 
to a worm. Besides the inflammatory response to invasive 
worms, eosinophils are also seen in tne inflammatory response 
in other conditions, such the atopic diseases, e.g., asthma, col-
lagen diseases, and some cancers. So, on this one, the conven-
tional wisdom was more or less correct if we look for the eo-
sinophils at the appropriate times after infection. Remember, 
too, if we are talking about clinically relevant responses, we 
usually won't know when the infection began so that by the 
time of patient presentation, eosinophils might be all that we 
see. 
INTERLEUKIN-8 AND INFLAMMATION 
A major question that has challenged those interested in in-
flammation is, What determines which cells show up, and 
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FIG.URE 2. Lung histopathology. (A) Ten-day inflammatory response 
after Infection of a mouse with 250 infective ova of Toxocara canis in 
:-vhich eosinophils are the predominate leukocyte present. (B) Two-day 
Inflammatory InfectIon of mouse with 250 infective ova of T. canis in 
which eosinophils are absent and neutrophils predominate. 
when? Pathologists have learned over the last century and a 
half that most bacterial infections usually equate with neutro-
phils, most viral infections with mononuclear cells, and para-
sitic infections with eosinophils. Again, this is considered the 
conventional wisdom. If the conventional wisdom were correct, 
you would think that molecules derived from these usual sus-
pects could be injected into the tissues of the body and the 
appropriate cell types would show up more or less on cue. 
Sometimes they do, and sometimes they do not. This is because 
the timing of when we look might not be optimal, sometimes 
the amount of molecule injected is not appropriate, and some-
times the particular pathogen is not associated with the expected 
type of white blood cell that does show up. All of these choices 
assume a belief that it is a pathogen-derived molecule that 
drives the determination. 
The mechanism of selective attraction of white blood cells 
into the inflammatory infiltrate begins in the connective tissues. 
Some of the cells resident in this compartment perform the role 
of surveillance. Let me use the situation when a common bac-
teria such as Staphylococcus serves as the inflammatory stim-
ulus and neutrophils will be the first responders. Almost im-
m~diately after being introduced into the body's connective tis-
sues, such as might happen when we get a splinter under the 
skin, the bacteria begin eating and dividing. Soon, metabolites 
and bacterial wastes begin to accumulate around each individ-
ual bacterium and diffuse away. With time, those resident sur-
veillance cells will sense the bacterial products with specific 
receptors as they migrate randomly through the extracellular 
matrix. When the encounter is made, the surveillance cell, 
which most often is a tissue macrophage or fibroblast, will elab-
orate several cytokines, chemokines, or both from the spot of 
discovery. One such molecule is known as interleukin-8 or 
more commonly as IL-8. At this time, 2 things happen. As more 
and more IL-8 is released from the site of proliferating bacteria, 
it, too, diffuses away and creates a linear gradient that is most 
concentrated near the bacterial colony and most dilute at the 
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FIGURE 3. Cartoon depicting the transmigration (diapedesis) of a 
neutrophil from the lumen of a small venule to the extravascular con-
nective tissue. 
periphery of the spreading wave. Ultimately, the wave nears a 
blood vessel, such as a postcapillary venule. Receptors for 
IL-S are found on the surface of the endothelial cells that line 
the lumen of these small vessels, and they are found on the 
surface of intravascular neutrophils. 
As the receptors on endothelial cells begin binding IL-S and 
other cytokines originating in the connective tissues, the en-
dothelial cells begin expressing sticky adhesion molecules that 
are specific for neutrophils such as E-seJectin and integrins, 
such as intravascular cell adhesion molecule-I. A different set 
of incoming cytokines and chemokines can specify a different 
set of endothelial cell adhesion molecules, such as vascular cell 
adhesion molecule-I, which would attract and bind circulating 
eosinophils. As the white blood cells stream past this activated 
stretch of endothelium, the neutrophils stick to the endothelial 
cells that IL-S has activated. This specific activation is what 
ensures that inflammatory cells leave the vasculature in prox-
imity to the invading pathogen and not in a perfectly healthy 
part of the body. The process whereby leucocytes attach to the 
inner wall of a capillary and then migrate more or less 900 
straight through the capil1ary wall into the connective tissues is 
known as diapedesis or transmigration, and it is depicted in 
cartoon form in Figure 3. 
It is worth knowing some of the properties of chemokines in 
general to appreciate where the common wisdom is coming 
from. Chemokines are members of a family of small proteins · 
that, when secreted during an immune response, attract white 
blood cells to the site of inflammation. Chemokine receptors 
are typically linked to G-proteins, which are transmembrane 
signaling proteins found on their target cells. Chemokines can 
be assigned to subgroups based on the presence of I, or more, 
evolutionarily conserved cysteine residues of their amino ter-
mini. Thus, there are 4 groups based on the spacing of the first 
2 cysteine residues as depicted in Figure 4. I want to now focus 
on the structure of the CxC class of chemokines (boxed area 
of Fig. 4) and point out that this class is also divided into 2 
subclasses based on whether or not there is a 3 amino acid run 
immediately before the first conserved cysteine that consists of 
glutamic acid, leucine, and argine, or ELR for short. Those CxC 
cytokines with the ELR motif induce neutrophils to leave the 
bloodstream and begin a directed or chemotaxic migration . 
There are 2 receptors to which CxC-ELR + cytokines can bind, 
and these are designated CxCRI and CxCR2. IL-S is an ex-
ample of a CxC-ELR+ chemokine. 
The IL-S chemokine story became more interesting when in 
Structure of chemokine classes 
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FIGURE 4. Schematic cartoon illustrating the primary amino acid 
structure of the different classes of chemokines. Note the presence of 
the ELR motif within the CxC class of chemokines, which defines the 
subclass of CxC chemokines that contains IL-8. (Figure from Wikipedia 
http:/ len. wikipedia.org/wiki/Chemokine#StructuraLcharacteristics.) 
1991, Darbonne and colleagues found a chemokine receptor not 
on the surface of white blood cells or on vascular endothelial 
cells, but on red blood cells. This new receptor bound chemo-
kines from both the CxC and CC families of cytokines, and it 
did so with high affinity. This is an example of a promiscuous 
receptor. One of the notable cytokines that bound to this eryth-
rocytic receptor was IL-S (Neote et aI., 1993). Making the story 
of this promiscuous receptor even more interesting were the 
observations that this red cell receptor was present in most 
mammalian species, including mice (Hadley and Peiper, 1997), 
and as expected, this red cell receptor was not associated with 
a G-protein or any other signal transduction machinery. At this 
juncture, it is worth asking why have a chemokine receptor on 
red blood cells whose ligand is a neutrophil-specific chemoat-
tractant that is not linked to a signal transduction mechanism? 
After all, it seems that several pieces of conventional wisdom 
are being abused here when one is thinking about regulation of 
inflammation and cell-to-cell communications. 
Conventional wisdom would seem to suggest that white 
blood cells, which must migrate in chemotaxic gradients in the 
connective tissues, should have chemokine receptors on their 
surface, but why would immotile red blood cells have them? 
One suggestion has been put forth that seems reasonable, given 
what.we know about IL-S. When IL-S binds to its receptors on 
the neutrophil surface, the transduced signal arms the degran-
ulatory process and initiates the respiratory burst activity nec-
essary for pathogen killing. These responses are not what you 
would want to occur inside the vasculature. Rather, these bio-
chemical events should take place in the connective tissue 
where the pathogens are attempting to gain a foothold. With 
time, the increasing level of IL-S will become great enough that 
it will gain access to the circulation. The typical neutrophil has 
approximately 30,000 IL-S receptor molecules on its surface, 
whereas the typical red blood cell, not so many. However, a 
milliliter of whole blood has only about 6,500 neutrophils com-
pared with 4.5 million red cells. So, it has been suggested that 
red cells in the vasculature act as an IL-S sink or sponge by 
binding to circulating molecules of IL-S, thereby keeping them 
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away from the circulating neutrophils. This is in keeping with A 
the conventional wisdom that red cells function within the vas-
culature, whereas our white blood cells function within the con-
nective tissues and only use the vasculature to rapidly get where 
they are needed. 
THE DUFFY BLOOD GROUP ANTIGEN AND MALARIA 
One cannot think about red blood cell surface molecules 
without recalling perhaps the most well known piece of con-
ventional wisdom in all of parasitology's vast lore, namely, that 
West Africans who are Duffy blood group negative are pro-
tected from infection with the malarial parasite Plasmodium vi-
vax. If we are to question this piece of conventional wisdom, 
we should ask some questions about the nature of the Duffy 
red cell antigen and then ask about its relationship to the ma-
larial parasite. 
The Duffy antigen on red blood cells was first described by 
Cutbush et al. (1950) in a patient with hemophilia who had 
received multiple blood transfusions. The patient's antigen was 
designated Duffy a. A year later, a second antigen was de-
scribed and named Duffy b. Serologists called these patients 
Fy' and Fyb, respectively. By 1965,3 phenotypes in Caucasians 
were known: Fy(a+b-), Fy(a-b+), and Fy(a+b+). Seroepi-
demiologically, about 67% of African Americans express nei-
ther Fya nor Fyb molecules on their red blood cells nor do most 
West Africans (Sanger et al., 1955). These receptor-negative 
individuals do not seem to exhibit any pathological consequenc-
es. Such individuals are said to be Duffy negative, and their 
red blood cells (RBCs) exhibit a fourth phenotype, Fy(a-b-). 
It is these people who are not infected by P. vivax malaria, and 
when they develop alloantibodies, it is usually anti-Fya (Hadley 
and Peiper, 1997). 
This brings us to consider what P. vivax sees in the Duffy 
antigen. Miller et al. (1975) found that merozoites of the closely 
related primate malaria, P. knowlesi, could infect most human 
red cells with the exception of Duffy-negative red cells. This 
was followed by the finding that the alloantibody, anti-Fya could 
block infection of Fy(a+b-) RBCs and that alloantibody, anti-
Fyb, could do likewise to Fy(a-b+) cells (Fig. 5) (Miller et al., 
1975). These investigations led to the conclusion that P. vivax 
depends on Duffy protein binding to a parasite-derived ligand 
for merozoite entry into the red cell. As evidence was accu-
mulating that the Duffy antigen was important to P. vivax, it 
remained to be determined exactly what this relationship really 
was. 
The chemokine receptor on the erylihrocytes was not exactly 
the same as the corresponding receptor found on neutrophils in 
1 major respect. Most chemokine receptors are promiscuous in 
that they can bind multiple chemokines. So, although the RBC 
chemokine receptor had been shown to bind IL-8, it also bound 
to the chemokines monocyte chemoattractant protein-l (MCP-
1), melanoma growth-stimulatory activity (MGSA), and regu-
lated on activation normal T cell expressed and secreted (RAN-
TES). The neutrophil receptors bound only IL-8 and MGSA, 
which suggests that they are not identical to the red cell recep-
tor. It remained for Horuk et al. (1993) to use radioactively 
labeled IL-8 to show that it could bind to Duffy-positive, but 
not Duffy-negative erythrocytes. Using a monoclonal antibody 
known as Fy6, directed against an epitope on an extracellular 
RBe 
FIGURE 5. Cartoon depicting the Duffy antigenllL-S receptor, now 
known as the DARC on the surface of a red blood cell. The Duffy-
binding protein on the surface of the Plasmodium vivax is similar but 
not identical to IL-S. The antibody recognizing the Duffy-binding pro-
tein prevents malarial infection of the erythrocyte. (Image originally 
published in Hadley and Peiper, 1997 and is © American Society of 
Hematology; it is used here by permission.) 
domain of a conserved stretch of the Duffy antigen, Hurok then 
showed that preincubation of Duffy-positive RBCs with Fy6 
inhibited the binding of the radiolabeled IL-8 in a dose-depen-
dent manner, whereas the isotype control monoclonal antibody 
(mAb) had no such effect. mAb Fy6 also blocked RBC binding 
of MCP-l, RANTES, and MGSA, which indicated that it was 
the promiscuous Duffy receptor that was being investigated. 
The icing on the cake to this set of experiments came when 
Hurok et al. (1993) showed beyond a doubt that IL-8 could 
bind to the red cell Duffy receptor and competitively inhibit the 
internalization of P. knowlesi. This confirmed that the parasite 
does in fact produce a protein ligand that is Duffy specific. The 
subsequent finding that both P. vivax and P. knowlesi elaborate 
soluble proteins that bind only to Duffy-positive RBCs soon led 
to a successful search for the gene that encoded the Duffy-
binding protein in the malarial parasite that is specific for the 
Duffy receptor. Using the cloned protein permitted antibodies 
to be produced that could be used for immunocytochemical 
localization of the Duffy-binding protein, and, as shown at the 
ultrastructural level in Figure 6, the Duffy-binding ligand seems 
to localize to the micronemes (Adams et al., 1990). 
~iller et al. (1975) had earlier shown that merozoites can 
attach to both Duffy-negative and -positive RBCs and undergo 
a reorientation with respect to the red cell surface such that the 
apical complex becomes juxtaposed against the surface of the 
red cell membrane (Aikawa et al., 1978). However, only in 
Duffy-positive red cells does penetration occur. This process is 
characterized by the induction of a tight junction between the 
parasite and Duffy-positive cell. This leads to vacuole forma-
tion and the entrance of the parasite into the vacuole. So, it 
would seem that the microneme membrane serves to sequester 
and protect the Duffy ligand until the exact moment it is need-
ed, and then the microneme approaches the plasmodial surface 
in the apical zone, exposes the Duffy-binding protein, and it 
attaches to the Duffy antigenlIL-8 receptor on the red cell sur-
face, initiating the process of internalization. 
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Micronemes 
FIGURE 6. Cartoon depiction of immunoelectron microscopic local-
ization of Duffy-binding protein in apical portion of an extracellular 
Plasmodium knowlesi merozoite. Using antibody raised against a seg-
ment of a cloned P. knowlesi erythrocyte-binding protein resulted in 
immunogold localizing over the micronemes. (R, rhoptery; D, dense 
body; black dots represent colloidal gold). (After J. H. Adams et aI., 
1990.) 
Thus, we can add P. vivax and P. knowlesi to an expanding 
list of pathogens that have evolved an ability to use chemokine 
receptors to their own ends. Because the Duffy antigen is so 
promiscuous in the number of different chemokines to which it 
can bind, it has recently been given the name Duffy antigen 
receptor for chemokines or DARe. To summarize, DARC is 
found on neutrophils and red cells to be sure, but it is also 
found on endothelial cells in selected organs, especially on 
postcapillary venules and Purkinje cells of the cerebellum. Fi-
nally, the most intriguing thing that defies the conventional wis-
dom is that Duffy-negative West Africans and African Ameri-
cans are not really Duffy negative. They have been shown to 
express DARe everywhere that they should, except on the !Sur-
face of their red blood cells. In reality, these 2 groups of people 
are Duffy-erythrocyte silent, and this apparent gene defect, 
which seems to bring good fortune in West Africa, is selectively 
maintained in the population by our old adversary P. vivax. 
Moreover, as for the lack of IL-8 red cell sinking in these 2 
groups, there does not seem to be any physiological conse-
quences of this condition, probably b.ecause some other pro-
miscuous receptor takes over this role. However, one wonders 
what selective pressures led P. vivax to develop its DARC-
binding protein into the micronemal protein it is today. 
To this point, it is remarkable that a malarial parasite could 
hijack one of our chemokine systems so successfully to per-
petuate its status as a major human pathogen. This led to the 
obvious question of whether there are any other parasites doing 
something similar. It seems there are and that this phenomenon 
is not a property of just intracellular protozoans. 
MACROPHAGES AND INFLAMMATION 
Inflammation has been known since antiquity. Ancient phy-
sicians who plied their profession in the days before the micro-
scope and modern pathology laboratories recognized the car-
dinal signs of the inflammatory process as rubor, tumor, calor, 
and dolor, or redness, swelling, heat, and pain, respectively. As 
the light microscope became a staple in the laboratory and the 
ability to prepare cells and tissues suitable for microscopic ob-
servation became routine, the study of inflammation attracted 
many of the best minds of the day. One individual who stands 
out was Elie Metchnikoff. Born in 1865 in what is now the 
Ukraine, he was trained in comparative embryology. Metchni-
koff designed and executed experiments to show the universal-
ity of phagocytosis as a general biological phenomenon. This 
eventually led to his work on the development of the biological 
theory of the inflammatory response and the role played by 
phagocytic leukocytes, especially macrophages. In a series of 
12 lectures delivered at the Pasteur Institute in 1891 and pub-
lished the following year, Metchnikoff's talks dealt with the 
nature and significance of the inflammatory response and its 
relationship to both innate and adaptive immunity. A strong 
believer in Darwinian evolution, Metchnikoff typically per-
formed comparable experiments in both invertebrates and ver-
tebrates. His experiments established a lasting connection be-
tween pathology and biology, and in 1908 he shared the Nobel 
prize in medicine and physiology with Paul Ehrlich. 
Having been fortunate enough to acquire a copy of Metch-
nikoff's 12 lectures, translated from the French (Fig. 7) (Metch-
nikov, 1968) at one of our ASP student auctions, I want now 
to share 2 quotations from the 12th and final Metchnikoff ad-
dress that I think are relevant to our current understanding of 
the role of the leukocytes in the inflammatory process. First, 
Metchnikoff in discussing the belief (conventional wisdom?) 
held by many of his contemporaries that white blood cells were 
little more than scavengers in the connective tissues that 
cleaned up the debris of dead microbes and other cells, he 
wrote, " We have already seen that this hypothesis is not justi-
fied by facts, and that from the very onset of infection the 
leucocytes wander towards and englobe the parasites in a living 
condition." He then goes on to say, "When I first put forward 
the biological theory of inflammation eight years ago, I ex-
pressed the idea that this reaction is effected by the interme-
diation of a physiological continuity between 'the cells of the 
connective tissue, those of the endothelial wall and the leuco-
cytes which form a complete chain and play the principal part 
in the inflammation of vertebrates'. The connective tissue cells 
which are first attacked would transmit the action to the vas-
cular wall, the cells of which would contract to facilitate the 
passage of white corpuscles [moving into the connective tis-
sues:':"'-my addition]". So common was knowledge of the role 
of phagocytes as put forth by Dr. Metchnikoff, that George 
Bernard Shaw immortalized macrophage activation in his play, 
"The Doctor's Dilemma" , when Sir Ralph Bloomfield Boning-
ton declares, "We will stimulate the phagocytes." 
The theme running through all of Metchnikoff's work is that 
there is a constant struggle between the host and pathogen, us 
and them. Remember, these struggles between host and parasite 
do not come without a significant cost. Wars cost money, in-
flammation and its consequences consume copious quantities of 
calories; if the host becomes too sick and cannot eat, then the 
dogs of war cannot be fed their calories and the war can be 
lost. So, this leads us to consider the following piece of con-
ventional wisdom. If inflammation is so expensive, it must be 
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FIGURE 7. Title pages from Metchnikov's Lectures on Comparative Pathology of Inflammation depicting the author at the bench. 
good for us under appropriate times of need and the corollary 
would be that inflammation is not good for the pathogen. 
MACROPHAGE MIGRATION INHIBITION FACTOR 
In 1966, a cytokine was described that was produced by an-
tigen-activated T lymphocytes and that caused macrophages to 
stop migrating in its presence (David, 1966). This molecule was 
given the logical name of macrophage migration inhibition fac-
tor or MIF. To be able to demonstrate the activity of MIF in 
vitro was to be able to assign evidence to an antigen or its 
associated pathogen that the antigen w,as inducing cell-mediated 
immunity. The in vitro assay was extremely easy to perform 
(Fig. 8), and it soon led to the recognition that cell-mediated 
immunity played a part in the host response to many parasites, 
including Schistosoma mansoni and Toxocara canis. This was 
significant in and of itself, as the conventional wisdom of the 
day was that B cells and antibodies could do it alL Today, we 
know that there would be few if any antibodies without T cells 
to offer their help. 
In the 40 plus years since MIF was first described, we have 
learned much about this lymphokine. Interestingly, MIF does 
not seem to belong to any cytokine superfamily, and I could 
find no evidence that a plasma membrane receptor has ever 
been identified. Some research has suggested that the receptor 
may reside within the nucleus of target cells as is seen for 
steroid hormones, but this is not yet universally accepted. Ho-
mologues of mammalian MIF have been identified in fowl, fish, 
ticks, worms, and even plants. It is estimated that conserved 
parts of MIF may date back 1 billion yr, or more. Only 1 gene 
Uninhibited Inhibited 
FIGURE 8. Capillary tube assay to demonstratc macrophage migra-
tion inhibition factor in vitro. Absence of factor leads to presentation 
indicated by "Uninhibited" and when antigen-specific MIF is present, 
the cell apron at the top appears as indicated in the panel labeled "In-
hibited." (Modified from David, 1966.) 
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for MIF has been identified in the human genome. Among 
mammals, MIF proteins are about 90% homologous. When the 
gene for MIF was cloned and sequenced, it was found that an 
almost identical molecule was made by cells in the anterior 
pituitary gland in the brain (Calandra and Roger, 2003). 
Like most chemokines, MIF is produced by more than just 
T lymphocytes. MIF has been found in monocytes, macrophag-
es, B lymphocytes, eosinophils, mast cells, and basophils. MIF 
knockout mice are rapidly overwhelmed and killed by Salmo-
nella typhimurium infection because the mice cannot prevent 
the growth and spread of the microorganism (Calandra and 
Roger, 2003). This was interpreted to mean that MIF did not 
activate other cells, which, in turn, activate macrophages to kill 
the intracellular bacteria. This would seem to suggest that when 
MIF is released into the tissues or vasculature, MIF is func-
tioning as a proinflammatory cytokine that activates T cells and 
macrophages. 
More recently, the endocrine stress organs, namely, the hy-
pothalamus, pituitary, and adrenal cortex, the so-called HPA 
axis, were found to produce MIF. In the pituitary, MIF occurs 
in the same cells of the anterior lobe that make adrenocortico-
tropic hormone and both substances are secreted in response to 
the hypothalamic releasing factor, i.e., corticotropin releasing 
hormone. Even more remarkable is the observation that pitui-
tary-secreted MIF is able to override the effects of adrenal glu-
cocorticoid hormones such as cortisol. This would seem to sug-
gest that MIF can counter-regulate the body's natural immu-
nosuppressive hormones because both MIF and glucocorticoid 
concentrations increase in cases of inflammation, stress, and 
even in malarial infection (Calandra and Roger, 2003). 
MIF AND FILARIA 
Brugia malayi, a lymphatic filarid of humans, was the first 
helminth parasite shown to produce and secrete a cytokine that 
resembled a mammalian cytokine. This came about when a 
clone was isolated from a cDNA library constructed from B. 
malayi-infective larva and sequenced. This MIF clone (Bm-
MIF) encoded a protein that consisted of 115 amino acids and 
was identical in size to human MIF (huMIF), even thougl) it 
shared only 42% amino acid identity with huMIF. Similar ho-
mologues were found in other filariids that infect humans, in-
cluding species of Wuchereria and Onchocerca (Pastrana et aI., 
1998). 
Recombinant Bm-MIF was isolated and tested for its ability 
to inhibit random migration of human peripheral blood mono-
cytes. Like huM IF, Bm-MIF inhibiteq,migration when added 
directly to the cells in a transmembrane blind well Boyden ap-
paratus and induced directed migration when added to the op-
posite side of the membrane from the cells. The activity of both 
human and Bm-MIF can be neutralized with antibody against 
MIF (Pastrana et aI., 1998). 
A few years after the first Bm-MIF was reported, another lab 
using different screening methods identified 2 more homo-
logues of Bm-MIF and I of these homologues, designated Bm-
MIF-2, was considered to be novel (Zang et aI., 2002). It en-
coded a protein of 120 amino acids and shared only 27% iden-
tity with human MIF and 26% with Bm-MIF-l. Computer anal-
ysis of all known MIF homologues indicated that only 6 
residues are invariant within all 19 known moieties. Expanding 
t 
.. 
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FIGURE 9. Confirmation that Bm-MIF is a product of the filatial 
parasite. Graph on left represents densitometric quantification of RT-
PCR showing amount of mRNA encoding Bm-MIF-2 in each life cycle 
stage. Below the graph is a Western blot showing that protein levels in 
the same stages correlate with the mRNA levels above. The 4 panels 
of Brugia malayi life cycle stages on the right side of the figure show 
histochemical localization of Bm-MIF-2. (Figures originally published 
as Pastrana et al., 1998 and © The American Society of Microbiologists; 
used here with permission.) 
the computer search to include expressed sequence tag data-
bases found that MIF homologues are expressed in other par-
asitic nematodes and free-living nematodes, including Caeno-
rhabditis elegans. All stages of the Brugia malayi life cycle 
produce Bm-MIF-2, as shown by reverse transcription-poly-
merase chain reaction (RT-PCR) and Western blot analysis (Fig. 
9). 
An interesting observation regarding the MIF sequence is the 
suggestion that the molecule itself is an enzyme with tauto-
merase activity that is capable of converting small aromatic 
substrates, such as phenylpryruvate or dopachrome, from the 
keto to enolic form. There is a highly conserved proline residue 
at the 2-position of the MIF amino acid sequence, found in all 
19 known homologues, which is required for tautomerase ac-
tivity. If the 2-proline is mutated to glycine, the tautomerase 
activity is lost (Zang et aI., 2002). As mentioned, MIF exerts 
its principal activity on monocytes or macrophages. So, it came 
as a complete surprise when, after injecting Bm-MIF into the 
peritoneal cavity of mice, it was found that large numbers of 
eosinophils were recruited (Falcone et aI., 2001). This is con-
sistent with macrophage migration inhibition factor acting as a 
chemokine that was attracting eosinophils. Recall that the con-
ventional wisdom says that inflammation is on the side of the 
host. If inflammation really is on our side, then we are faced 
with the question of why the parasite would secrete a molecule 
that brings eosinophils and macrophages directly to the worm? 
This would indeed be an interesting enough finding . Howevel~ 
when proline was mutated to glycine in order to abolish tau-
tomeric activity and then injected intraperitoneally, the eosin-
ophil chemotaxic activity was lost, as was the ability to affect 
human monocyte migration (Zang et aI., 2002). We do not yet 
know what the tautomerase activity and chemokine ligand and 
receptor activity have in common, but it should be most inter-
esting when it is elucidated. 
CONCLUSIONS 
So, let me close by asking what are we to make of conven-
tional wisdom when it pertains to cytokines and parasites? As 
was stated at the outset, the conventional wisdom will usually 
deconstruct under reasonable amounts of scrutiny, and it will 
always require further insight, additional experimentation, and 
more modification. In the end, it will still be conventional wis-
dom, and, sooner or later, someone will point out that it is not 
really the entire story. So, remember that Duffy-negative indi-
viduals who are resistant to P. vivax infection are not really 
Duffy negative. Only their red blood cells lack the DARC re-
ceptor. And apparently both hosts and parasites want, or need, 
macrophages and eosinophils at the host-parasite interface. I 
hope that if anything is taken away from today's lecture it is 
that parasitologists require a multitude of scientific disciplines 
to understand the world in which parasites live. We must always 
be cognizant of the fact that host and parasite are evolving 
together and that if you can think outside the philosopher's pro-
verbial box, who knows where your intellectual journeys will 
take you. No science fiction writer could have come up with 
any thing to rival what nature has laid before us. I leave you 
with a famous and oft quoted line from The Little Gidding, the 
fourth of 4 quartets by T. S. Eliot: 
We shall not cease from exploration 
And the end of all our exploring 
Will be to arrive where we started 
And to know the place for the first time. 
And, were Charles Dickens an evolutionary biologist as well 
as one of the literary giants of his time, he may well have 
written of IL-8 and MIF, which are used by both host and par-
asite, "They were the best of 'kines, they were the worst of 
'kines. 
Thank you for your kind attention. Muchas gracias mis ami-
gos. 
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As Ray Kuhn's first Ph.D. student, it is an honor, and indeed 
a pleasure, for me to introduce Ray as the 2007 Clark P. Read 
Mentor Award recipient. Ray received his B.S. degree from 
Carson Newman College in 1965 and his Ph.D. from the Uni-
versity of Tennessee in 1968, and has been at Wake Forest since 
the fall of that year. But, more germane to today's presentation, 
Ray has mentored 22 master's students, 14 doctoral students, 6 
postdoctoral trainees, and an untold number of undergraduate 
students in his lab. 
Many words can be used to describe Ray . .. scholar, sci-
entist, educator, entrepreneur, family man, redneck. He indeed 
is a mentor of many abilities. He is a hard-driving enthusiastic 
experimentalist. I recall many late afternoons watching the scin-
tillation counter reveal results. (Beer was often involved.) He 
is a committed educator. Ray could be found going over his 
note cards at 6 AM before an 8 AM lecture. He is an excellent 
manager of people, using a team approach with a large active 
lab. Also, he is the creator of an outstanding learning environ-
ment in his lab, even before that became a buzzword in edu-
cation. 
His trainees could all take parts of his approach and be suc-
cessful in their careers. For nearly 40 years at Wake Forest, Ray 
has mentored people like Cheryl Davis, Dianne Ritter, Kym 
Jacobson, Mack Powell, Rick Tarleton, Oscar Pung, Don Bur-
gess, Max Grogl, and Jerry Aldridge. 
A few quotes from the support letters from his trainees cap-
ture what Ray has meant to us as a mentor: "Ray had an amaz-
ing ability to simplify complex issues and to make the unknown 
less frustrating." "Perhaps most importantly, Ray trained me 
how to ask research questions, how to prioritize the most im-
portant questions, and how to design experiments to answer 
these questions." "Ray taught me that each person is an indi-
vidual and each is motivated by different things." "He i~ a 
natural leader with an inquisitive mind and a knack for asking 
the important question at the correct time. It is easy for people 
to follow him because he cares." "Ray nurtured independence 
and creativity in his students. He was always available to help 
you out but only after he knew that you had tried just about 
every option and exhausted them all." "... Ray gave us the 
freedom to direct much of our own research, yet he was very 
clear on his expectations." "We learned how to defend our 
ideas and approaches resulting in our becoming independent, 
self reliant and eager to test our own hypotheses." "He taught 
immunology as if he was recounting an epic mystery-filled 
with larger than life characters, amazing experiments, and spell-
binding stories." "When I became a faculty member, I soon 
realized that my experiences with Ray had been the perfect 
training and experience that I needed to become a successful 
teacher, scientist and mentor." "... instead of taking the easy 
approach and bailing me out of my struggles, Ray provided the 
tools for me to dig my way out." "He taught me how to expand 
my curiosity about scientific processes and how to formulate, 
conduct, and evaluate experiments to address pertinent ques-
tions." "There needs to be an element of real joy in a career 
in research and anyone who knows Ray Kuhn knows that he 
enjoyed the day-to-day experience of guiding students to enter 
that profession." "When I left Ray's lab to begin my career, he 
was my best advocate and most eloquent supporter, not because 
I was really all that wonderful but because he believed in me." 
". .. thanks to his kindness and support, I learned how to treat 
others with the respect and encouragement they deserve." 
As I was collecting these letters for Ray's nomination, I en-
joyed the consistencies, along with the hints of evolution, over 
the years of Ray's career. Two things stood out in this process. 
One was that Ray is truly loved. The other was that Rick Tar-
leton was what can only be called effusive in his praise. This 
is a real tribute to Ray. 
I think we would agree that Ray has character and is a char-
acter. He is able to walk that fine line between being wise and 
a wiseass. 
Most of us met the young Ray. He was our captain; we were 
drawn to him because he was confident, inquisitive, passionate, 
and ever alert; he had a strong sense of history (even if he is 
somewhat unreconstructed), but, most of all, he was enthusi-
astic. 
In his actions, Ray was willing to explain things. (This trait 
continues. For example, in the Houston Airport on the way to 
this meeting, Ray was gracious enough to buy me a beer. He 
went on to explain that beer can make you gassy and how that 
can be a challenge on an airplane.) He was always willing to 
carry his own weight, and obviously that of others. He would 
lead by example, and remind us to "Repeat your work." But, 
most importantly, Ray is a family man. Whether this family is 
at home-with his wife Sue, daughters Rachel and Heather, and 
grandchildren-or in the lab, Ray is committed to his family. 
Another family worth mentioning is The Fancy Gap Family. 
Ray originated the Fancy Gap Immunoparasitology Workshop 
in 1974, and it has been going on for 33 years to provide, and 
I quote from Dick Seed's support letter, "a meeting where stu-
dents could present their work to a friendly audience, and to 
also allow for their interaction with senior investigators." On a 
personal note, I was fortunate enough to see Ray's academic 
great-grandchild give him a hard time at a recent Fancy Gap. 
This annual event is one of Ray's lasting legacies. 
I believe this Mark Twain quote captures the effect Ray had, 
and continues to have, on his students, "... the truly great 
(people) make you feel like you, too, can be great." 
Again, it is my pleasure to introduce Ray Kuhn as the de-
serving recipient of the 2007 Clark P. Read Mentor A ward. 
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ACCEPTANCE OF THE CLARK P. READ MENTOR AWARD: 
WE ARE SCIENTISTS, BUT WE ARE IN THE PEOPLE BUSINESS 
Raymond E. Kuhn 
Department of Biology, Wake Forest University, Winston-Salem, North Carolina 27109. 
My comments may be construed as being directed only to 
professors, but I want to emphasize to the undergraduate and 
graduate students that we are all involved in mentoring. I hope 
that my comments may assist you as you become more and 
more involved as mentors while your careers develop. 
I am one of those people who can safely say that each day 
is a joy and a surprise. I am surprised each day because as a 
young man from then rural Georgia I had not planned to go to 
college. After high school, I worked for a while as a mechanic, 
then was a truck driver out of Atlanta for nearly two years. 
While I was driving trucks, I lost a promotion to a young man 
who had attended college for just one year. Losing that pro-
motion led me to realize that this college stuff could be a really 
good idea. I began taking some remedial courses at G~orgia 
Tech at night while still driving a truck and within a few months 
enrolled at Carson-Newman College in Tennessee. 
To my great surprise, I fell in love with academics and learn-
ing. In no small part, this was due to my close association with 
professors in the Department of Biology. Among them was Pro-
fessor Will John Cloyd, who proved to be a great mentor and 
encouraged me to try a research project. Although the project 
was more an exercise in techniques than science, it was my 
introduction to research. Professor Cloyd was also my closest 
advisor when I had to choose between going to medical school 
and going to graduate school. Graduate school won out, and I 
am thankful to this day for that decision. 
My Ph.D. advisor at the University of Tennessee was Pro-
fessor Ronald Fraser, an embryologist who studied formation 
of body segments (somites) in chick embryos. I was, however, 
not interested in developmental morphology but rather the cel-
lular and molecular events that led to embryonic differentiation 
of cells and tissues. My research focused on changes in meth-
ylation of transfer RNA during the first 72 hours of chick de-
velopment. Dr. Fraser, though kind in his approach to my work, 
acknowledged that he had no idea what I was trying to do. 
Nonetheless, he was supportive and encouraging throughout my 
tenure at the University of Tennessee. 
In the middle of my third year of graduate studies, a position 
as Assistant Professor became available at Wake Forest Uni-
versity. Jerry Esch and I had met while he was at Tennessee to 
give a seminar and recommended me to the staff at Wake For-
est. I visited, talked to all the faculty members, did not give a 
seminar for some reason, and was offered the job, which I ac-
cepted. I have been at Wake Forest now for 39 years. 
During the last few months of research for my Ph.D., I had 
decided that I would change areas of research once in my own 
lab. I had taken a course at the University of Tennessee offered 
by Drs. Alex Shivers and Nazareth Gengozian that emphasized 
immunological techniques. I became fascinated with immunol-
ogy. On arrival at Wake Forest, I immediately began learning 
as much about immunology as I could. Part of this effort was 
to spend a summer working with Dr. Gengozian at Oak Ridge 
in transplantation immunology in mice and marmosets. 
The focus of my interest in immunology, however, shifted 
when Jerry Esch showed me a mouse infected with the larval 
stages of Taenia crassiceps. I was astounded that, in chronic 
infections, the biomass of the parasites could exceed the bio-
mass of the mouse. My immediate response was to ask why 
the immune system would allow these parasites to survive in 
what had to be a hostile immune environment. Having never 
had a parasitology course, I devoured the literature and discov-
ered the work of Professor William H. Taliaferro. Papers he 
wrote in the 1930s and 1940s were simply amazing and still 
provocative in the early 1970s, asking questions that remained 
unanswered yet begged investigation three and four decades 
later. I implore all students not to ignore the older literature. 
There is much to learn about truly important discoveries made 
by creative scientists long before the advent of PCR, immu-
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noassays, electron microscopes, and, indeed, the structure of 
DNA and genes. 
Hooked on parasites, I began designing a study system. My 
criteria were that it had to have a mouse host, it had to have 
an acute phase and a chronic phase, it had to be a protozoan, 
and it would not involve fecal samples. It had to be a protozoan 
so that if the immune system was effective in killing a per-
centage of the parasites, one could quantify the percentage. 
During this time of designing my own system, Jerry and I suc-
cessfully completed a few studies on the developmental biology 
of larval Taenia crassiceps. 
As I surveyed the literature, including parasitology text-
books, Trypanosoma cruzi came up. This parasite fit all my 
criteria. The only drawback was that it was infective to humans 
and there was no effective treatment. Accepting this drawback, 
my students and I studied the immunobiology of experimental 
Chagas disease for the next 25 years without a single lab in-
fection. Some 15 years ago, I decided that my years of working 
with T. cruzi were enough, and I returned to studies on larval 
cestodes. 
I have been privileged throughout my career to have excel-
lent young people working in my lab. These included a host of 
undergraduates, 35 graduate students, several technicians and a 
couple of postdoctoral fellows. I remain in close contact with 
many of the former undergraduates as well as with almost all 
of my former graduate students and postdocs. 
One of the keys to effective mentoring is simply sharing your 
curiosity and enthusiasm. In the early 1970s, few professional 
meetings had sessions, or even interest, in the immunology of 
host-parasite relationships. I personally craved an opportunity 
to meet and discuss research on immunoparasitology and knew 
that a meeting focused on this research would enrich the ex-
periences of my students. My ideal meeting would be one 
where a small group could meet in a casual setting with unin-
terrupted time to talk about research on parasites. In 1974, I 
contacted a few young immunologists interested in parasites 
and invited them to come to a small lodge owned by Wake 
Forest in the mountains of southern Virginia-Dan Colley, then 
at Vanderbilt; Dick Seed, then at Texas A&M; Darwin Murrell, 
then at the Navy; Carter Diggs and Ray Perry at Walter Reed, 
and Ray Damian at Georgia. I asked them if they would iike 
to come to this mountain lodge for three days where we could 
present our work and get to know each other. I also told them 
that there was a small bunkhouse reserved for the women that 
could sleep about 10 people, but only six other beds in the main 
house. Most of us, therefore, would have to sleep on the floor 
in sleeping bags or outside in tents. We would fix our own 
meals, do the dishes, and clean up. Ail members of each lab, 
including technicians, undergraduates, and graduate students, 
were invited. Except for Darwin Murrell, I had never met any 
of the people before I made the phone calls, but everyone I 
called agreed to attend. We named the meeting the Fancy Gap 
Immunoparasitology Workshop, because it is held in Fancy 
Gap, Virginia. In October of this year, we will meet for the 34th 
time. I have not kept detailed records, but I suspect that about 
a thousand different people from a dozen or more countries 
have attended this meeting over the years. 
Fancy Gap, as the meeting has come to be called, has been 
a fertile ground for graduate students searching for postdocs, 
for collaborative projects, and for developing steadfast friend-
ships. The meeting also took away the hesitancy that young 
students have of approaching senior investigators. Those of us 
who founded the meeting take pride that no student, graduate 
or .undergraduate, has ever paid to attend. 
Since I learned that I would be a recipient of Clark P. Read 
Mentor A ward, I have spent a good bit of time reflecting on 
mentoring. Although every effective mentor uses different ap-
proaches, even strategies, in mentoring students, I think that 
mentoring encompasses a few important, perhaps even univer-
sal elements. In the few minutes we have left here, I thought I 
would share some of my approaches to mentoring students in 
my laboratory. 
Starting work in a laboratory is difficult and awkward for 
both undergraduates and graduate students. Often, it is the first 
time they will have put their classroom knowledge to work at 
the bench. They generally don't know what they want to do or 
how to do it. They just know they want to learn about research, 
which is, altogether, a very acceptable reason. I have found it 
helpful and effective to have a small project in mind for each 
new student. The project would pose no serious technical dif-
ficulties, would be a meaningful study, and would give the stu-
dent needed experience to develop confidence in his or her lab-
oratory skills. It is not uncommon that a student would take 
this small project, add his or her own ideas, and develop it into 
a thesis or dissertation. 
As students progress, it is extremely important that they be 
given the independence to pursue their most ambitious ideas. 
Ideas generate questions and good questions form the basis of 
good science. It is important for students to learn early that "If 
it is not worth doing, it is not worth doing well!" On occasion, 
students let the techniques with which they are familiar and 
comfortable dictate the scope of their ideas. I have emphasized 
to students over the years that it isn't necessary for them to 
know how to do the study. If the question is good, we'll either 
learn the techniques necessary or develop them. When technical 
limitations are no longer feared, creativity is enhanced. 
At the same time, even the best of ideas lead to failure. Fail-
ure is difficult to accept, especially when you are relatively 
inexperienced with failure. It is the gambler who will finally hit 
the jackpot. If a scientist succeeds in all of his or her projects, 
he or she is not gambling on his or her best ideas. Learning to 
accept and learn from failure is a mainstay of becoming a pro-
ductive and effective scientist. Failure is life's way of preparing 
one to succeed. Students need to know that, as a mentor, you 
are not going to be judgmental but instead will comfort, en-
courage, and guide them. It is especially important to demon-
strate that you believe in them and have confidence in their 
abilities. 
Independence can only occur when students develop their 
own ideas and when they can formulate their own plans for 
answering their own questions. All of us know of some circum-
stances where an advisor gives a student a section of a grant 
and tells the student that the project described in that section 
will be his or her thesis or dissertation. The student is encour-
aged then to complete the experiments as described dutifully, 
to satisfy their research requirement. This approach does not 
create an independent and creative young scientist. More often 
than not, this will result in a technician who, if diligent enough, 
will only later become a creative and productive scientist. In 
addition, it is grossly unfair to the student and, in my opinion, 
an expression of selfishness on the part of the advisor. 
As students mature, become more independent, and provide 
their own ideas for research, it is critical that they know the 
advisor trusts them, has confidence in them, understands their 
trials and tribulations, and is available for consultation and sup-
port. Praise and recognition are only slightly behind the need 
for food, shelter, and clothing, especially in research, and praise 
should not be used sparingly when young people are molding 
themselves into mature, young scientists. As they gain more 
and more independence, the responsibility of planning and per-
severance must fall more and more on their shoulders. We can 
help in many ways in this aspect of their growth. Learning early 
on to plan research carefully is critical. It is important for stu-
dents to remember the old saying that, "If you don't know 
where you are going, any road will take you there." 
It is clear that mentors must be managers, in one way or 
another, but we must not be micromanagers. We have to rec-
ognize that the main difference between the students and us 
resides only in the level of experiences we have and the level 
of scientific maturity. Students must know they can disagree 
with their advisor's suggestions and must feel free to explain 
why they disagree. 
Having said all this, it is part of mentoring to understand that 
each student is unique. They have very differing approaches to 
life and to science. Even the best of students get discouraged 
during their tenure (as, I must acknowledge, do their profes-
sors). Some students become overwhelmed, and some become 
frustrated. It is during these times that we as mentors must have 
the perception to provide the impetus for them to move for-
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ward. We need to praise, bribe, threaten, push, pull, or just get 
out of the way. It is not uncommon that all of these enticements 
will be appropriate at various times for the same student during 
his or her time in the lab. 
Every student is a diamond in the rough and it is a privilege 
to see these students become ever more the jewels they are. If 
we, as mentors, are successful, our associations with our stu-
dents will be lifelong experiences where we will continue to 
learn together. 
To be the recipient of the Clark P. Read Mentor Award, and 
to be in the company of those who have previously received 
this award, is a great honor. I would like to thank my students 
for their support of me for this award through their letters, for 
their continuing friendship, and, most importantly, for their own 
accomplishments as productive scientists and as mentors them-
selves. I have great pride in them and would like to espouse 
the virtues of each of them but we would be here for the next 
couple of days if I got started. 
I would also like to thank the dear friends and colleagues with 
whom I have traveled while following those pesky and fascinating 
parasites. Many of those friends are here with us at this meeting. 
Jerry Esch introduced me to the study of parasites and is a stead-
fast friend and colleague. Austin (Mac) McInnis was a patient and 
helpful mentor, long before we ever met, while teaching me to be 
a fair and thorough reviewer of manuscripts for the Journal of 
Parasitology. John Janovy is nothing less than an inspiration and 
one of the most talented people I have ever known. Dan Colley, 
Dick Seed, Mike Kemp, Barbara Doughty, Darwin Murrell, David 
Dean, Don Ham, Joe Urban, and a host of other Fancy Gappers 
have been friends and supporters who walked with me through 
the wonderment of science. 
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President Stephen G. Kayes called the meeting to order at 0805 
hr, declared a quorum, and made a few opening remarks; attendees 
then introduced themselves. President Kayes called for a motion 
to accept the published minutes of the 2006 meeting. 
Motion 1. Acceptance of the minutes of the 96th Council 
Meeting, 2006 (Gerald Esch moved acceptance; Tami 
Cook seconded; the motion passed unanimously.) 
President Kayes then expressed appreciation for service by 
outgoing officers and Council members, for financial contri-
butions to the meeting, recognizing the following for their elec-
tion and service: 
New Officers for 2007-2008: President, Steven A. Nadler; 
President-Elect, David S. Lindsay; and Vice-President, 
George Cain. 
New Council Members-at-Large for 2007-2011: Janice 
Moore and Mark Eberhard. 
New Nominating Committee for 2007-2008: John Hawdon, 
Tami Cook, Kelli Sapp, Mark Siddall, Scott Snyder, and 
Mike Barger (alternate). 
New Student Representative for 2007-2008: Carrie A. Fyler. 
Outgoing Council Members-at-Large for their services, 
2003-2007: Ann Adams and Mike Moser, and 2006-2007 
Student Representative Elizabeth A. Thiele. 
Outgoing Nominating Committee: Jack Bristol (Chair), Anne 
Barse, Janine Caira, Cynthia L. Chappell, Michael Sukh-
deo, and Charles Faulkner (alternate). 
President Kayes thanked the following companies for finan-
cial contributions to The American Society of Parasitologists 
for the 2007 Annual Meeting: Novus International, Inc., Vetech 
Laboratories, Inc., Embrex, and Schering-Plough Animal 
Health. He then called for a motion to approve new members 
added since July 2006; a list was supplied as an appendix to 
the agenda. 
Motion 2. Approval of new members added since July 
2006 (Tom Platt moved approval; Tim Yoshino seconded; 
the motion passed unanimously.) .' 
New business 
Under New Business, President Kayes turned the floor over to Rich-
ard Seed who reviewed the Ad Hoc Journal of Parasitology Committee 
report (see below), introducing the publishing proposal submitted by 
Allen Press to ASP and previously examined as an electronic copy by 
Council. After a lengthy discussion that dealt with a number of con-
cerns, mainly about financial aspects of the proposal, Esch moved to 
table the committee report until a representative from Allen Press could 
be present to answer questions; Tom Platt seconded and the motion 
passed unanimously. Shelby Rogers from Allen Press arrived after 
Council adjournment, but Council met again on 22 June 2007 for the 
sole purpose of considering the publishing proposal. On 22 June, Coun-
cil again had a lengthy discussion of the electronic publishing proposal, 
during which Shelby Rogers answered many questions. Don Duszynski 
then moved acceptance of the Allen Press publishing proposal, Tom 
Platt seconded, and the motion passed unanimously. Shelby Rogers 
agreed to supply electronic copies of subsequent drafts, and John Janovy 
agreed to distribute those drafts to Council before signature of any con-
tract between ASP and Allen Press regarding electronic publishing. 
Also under New Business, John Janovy explained that the 2006 audit 
was still not complete; therefore, a motion to accept it was not included in 
the 2007 Council agenda. President Kayes then introduced a number of 
action items he had submitted as part of the President's report (see below). 
These items, and the response of Council to them, are as follows: 
Motion 3. ASP Council reaffirms the bylaws language regarding 
annual meetings and pledges to make meetings as affordable and 
accessible to the most members possible, especially student mem-
bers. 
Don Duszynski moved approval; Janine Caira seconded. After dis-
cussion of the practical aspects of meeting site selection and meeting 
logistics, the motion was amended (friendly amendment wording) to 
read: ASP will have an annual meeting regardless of ICOPA, and the 
society will make every effort to schedule meetings in venues that are 
accessible and economical, especially for students, on a 3-yr cycle. The 
motion passed unanimously. 
Motion 4. ASP declares its intent to establish up to 4 graduate 
exchange fellowships that would permit students who are ASP 
members to spend at least 6 mo working in a lab outside their 
native country. 
Don Duszynski moved approval; Gerald Esch seconded. During dis-
cussion, a friendly amendment was accepted to name such fellowships 
the North American Graduate Student Exchange Fellowships and make 
them subject to available funding. Council's intent is to try to fund at 
least one of these fellowships by 2010. Details are to be worked out 
but could include a request for matching funds by a candidate's home 
institution. An intense discussion addressed issues of money, and in 
particular whether large amounts spent on a few recipients was the best 
way to promote international exchanges. The motion passed 9 to I. 
Motion S. ASP Council directs the Industrial Liaison Committee 
specifically to seek funding from a broad array of sources and to 
develop strategies for broadening approaches to fund-raising 
from business establishments in a timely manner. 
Tim Yoshino moved approval; Don Duszynski seconded. Discussion 
included many ideas for broadening the sources that contribute to ASP, 
including scholarship naming rights, exhibition fees, etc. The motion 
passed unanimously. 
Motion 6. ASP Council offers affiliate status to the Sociedad Mex-
icana de Parasitologia, waiving the bylaws requirements associ-
ated with granting of affiliate status, as a first step toward 
strengthening research opportunities and information exchange, 
especially among students. 
Tom Platt moved approval; Dennis Minchella seconded. After a short 
discussion, the motion passed unanimously. 
I. REPORTS OF OFFICERS 
A. President-Stephen G. Kayes 
I thought it appropriate to begin my report by taking a look backward 
to see where we were 10 yr ago and where we are today as a scientific 
society. This was mainly accomplished by looking at the official record 
of the 88th Annual Council Meeting (J. Parasitol. 84: 1084, 1998). The 
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most important thing I learned was that the more things change, the 
more they stay the same. 
President John Oaks noted at the time in his report to Council that 
his past year had focused primarily in responding to threats and oppor-
tunities provided by circumstances within the Society and the maelstrom 
of change going on outside of our Society. Dr. Oaks then acknowledged 
another former ASP President, Dr. Robert Grieve, who as head of the 
Priorities and Planning Committee initiated a proposal to develop a new 
Vision and Mission statement that challenged 4 ASP committees (Mem-
bership, Priorities and Planning, Business Advisory, and Site Selection) 
to answer the following questions: Who are we? What are we about? 
and Where do we want to go? What Dr. Oaks learned is that ASP 
membership must be more proactive to retain and increase our Society's 
international reputation. Because I believe we are still one of the world's 
preeminent parasitology societies and should paint our future with bold 
strokes, I want to bring 2 new initiatives to Council in Merida to 
strengthen our international reputation by offering affiliate society status 
to the Sociedad Mexicana de Parasitologfa and to recommend the es-
tablishment of student exchange fellowships so that Canadian, Mexican, 
and American students can spend time living and working across our 
various borders in foreign laboratories to complement the training re-
ceived from their parent institutions. 
Ten years ago Dr. Oaks conducted an informal poll that led him to 
conclude that there were 2 things of great value to our membership--
our journal and our annual meetings. Interestingly, ASP had come 
through a 2-yr period in which annual meetings were held in Hawaii 
(1998) and Puerto Rico (2000), and both of these were considered up-
scale by many of the younger members. These meetings were docu-
mented as being well attended, but the question persists of whether even 
greater attendance was possible as many members told Dr. Oaks that 
although they very much wanted to attend, they simply could not afford 
to and, of course, bringing their students also was out of the question. 
Ten years later, we have again just come through a similar 2-yr stretch 
in which we have met in Glasgow, Scotland (ICOPA-ll), and now here 
in Merida, Mexico. Again, this meeting will present a financial obstacle 
for many, and this cannot but help contribute to our failure to retain 
members, especially students and postdocs who are being deprived of 
annual opportunities to "bond with the ASP" during their formative 
years. Our Program Officer has always made affordable accommoda-
tions for our students a top priority of every meeting, but it is still 
difficult to control travel costs, per diem, and other costs. Although you 
will hear more about affordable meetings from Dr. Yoshino later this 
morning, I want to remind you that this has been an issue in the past 
and will become more important to the long-term health of the Society. 
In 2002 and again in 2006, we did not hold our annual meeting as per 
usual; rather, we chose to meet within the framework of the ICOPA 
(Vancouver, BC, Canada, 2002; Glasgow, Scotland, 2006). By necessity, 
ICOPA venues are in the major cities of the world; thus, registration, 
lodging, and travel are extremely expensive. I will propose to Council 
that we go on record that the ASP will no longer hold its annual meeting 
into the ICOPA meeting even if it's in our own neighborhood. We must 
strive to meet in affordable venues every year if we expect to be able 
to retain and recruit new members. To achieve this goal will require 
that we (re) charge the Site Selection Committee to become proactive 
in convincing those members who find themselves in good locations 
with access to appropriate facilities at reasonable prices to put those 
venues forward, and further that the Sitl1.. Selection Committee stay in 
communication with future local committees and remind them that the 
needs of our membership be kept on the front burner. 
Another aspect of where we were a decade ago was acknowledgment 
of the role of the recently re-energized Business Advisory Committee 
to the Society's health and well-being. Having recognized that the So-
ciety was often spending its money with abandon and at the same time 
it was being advised to invest in extremely conservative (i.e., safe but 
low return rate) instruments, the Society made the bold move to manage 
its own money. With great appreciation to Dr. Mike Ruff then and Dr. 
Chuck Sterling and Dr. Austin MacInnis now, we currently have a well-
structured investment portfolio that will serve our needs quite well go-
ing forward. Additionally, we are becoming more financially savvy as 
shown by our recent negotiations with Allen Communications Group 
and Thomson Gale Group to market our journal and the rights to its 
proprietary content as we move toward the electronic frontier. However, 
it is important to note as Dr. Oaks did 10 yr ago, "that a careful balance 
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in the use of our limited resources will take the watchful eye of our 
Council and their need to make careful and informed decisions based 
on data coming from the Secretary-Treasurer and the Business Advisory 
Committee." He further cautioned that we cannot stifle our investment 
in innovation and new ideas and opportunities. We will need to find 
new sources of income as old sources fade away. That was as true then 
as it is now. 
It should be apparent as you read this report that the events of 10 yr 
ago have for the most part stayed with us and caused us to go through 
the same process of reflection and reaction as has been documented 
during my term in office. My immediate predecessor, Dr. Yoshino con-
ducted a membership survey over 2 yr ago to determine who we are 
and what we are about. We are now trying to determine where we want 
to go and how to get there. Based on the results of our most recent 
survey, Dr. Yoshino created an ad hoc Strategic Planning Committee to 
deal primarily with the issues of declining membership numbers and 
increasing member participation in the annual meetings. So, as I have 
stated above, the more things change the more things stay the same. 
Does this mean that Dr. Yoshino and his committee's effort was an 
exercise in futility? Definitely not. I think that this is about the only 
way to continue to steer this very special organization through the 
smoothest seas possible and produce the greatest good for the majority 
of the membership. The ad hoc Strategic Planning Committee has done 
a stellar job in charting a course for ASP for the foreseeable future. It 
was true 10 yr ago and it is true today that membership is a fragile 
thing. Like a living organism, it, too, is subject to laws of Darwinian 
selection. The Priorities and Planning Committee of 10 yr ago, chaired 
by Dr. Larry Roberts, recommended that we consider the possibility of 
merger and acquisition with other like-minded societies to deal with 
declining membership. It is my hope that rather than a merger or an 
acquisition, we can band with like-minded societies and move forward, 
working together by simply agreeing to do so. I believe this would be 
in everyone's mutual best interests. No one loses autonomy, nobody has 
to rewrite their charter, and no one should be disenfranchised. 
I have come to realize that Darwinian selection works on more things 
than just living organisms and our Society. It definitely works in the 
business world where its principles of fitness and selection determine 
almost every aspect of how a company or corporation does business. 
The best product that can be produced by the fewest workers at the 
lowest cost will rapidly acquire market share. That is until a new tech-
nology or new demand comes along. And then the process starts all 
over. Why do I mention this? Because I have come to appreciate a new 
"truthiness" (sic, with apologies to comedian Stephen Colbert) about 
our world and more importantly, about the membership of the American 
Society of Parasitologists. Distilled down, it is, "Everyone has too much 
on their plate, and everyone else is wound too tightly." How else can 
you explain reports of people not wishing to stand for office (and to 
accept the honor of being nominated by their peers to serve their peers) 
or to serve on committees in this prestigious national scientific society? 
In the long term, I find this disheartening because I see slow deterio-
ration in everything around us that is of value. I am no different than 
anyone else in that I feel that my schedule seems always full. This past 
year, I was unable to attend any of our regional affiliate meetings other 
than my own or the Council of Scientific Society Presidents (CSSP) 
meeting in Washington, DC. I was unable to make the meeting in Glas-
gow, Scotland. This year, 2 of our constitutional officers won't be able 
to "make this meeting. Still, I feel fortunate to sit here having had so 
many people accomplish all the things that we have that will result in 
this wonderful, first-ever, trinational congress of parasitologists. As my 
term winds down, I feel that the infrastructure of the Society is solid 
and the issues of membership and meetings should respond well to 
suggestions that will be discussed around this table. 
One topic that has taken a lot of time this past year was the evaluation 
of a marketing agreement for our Journal put forth by Alliance Com-
munications Group. An Ad Hoc Committee to examine the full impact 
of this agreement and to negotiate it, if necessary, before its being 
entered into, was created. This Committee, under the leadership of Past 
President Richard Seed has represented the interests of the Society well, 
and they will bring their final report to the Council meeting in Merida. 
If the agreement is accepted by the Council, it has the potential to 
generate significant income for the Society. The time and effort of this 
committee and the Editor Jerry Esch are gratefully acknowledged. 
While we are all gathered here in Merida, I want to bring some of 
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my personal concerns to the attention of the Council. The primary rea-
son that we agreed to meet in Merida was to explore ways to increase 
collegial interactions among parasitologists in our hemisphere. One 
thing that would go a very long way to this end is to invite the Sociediid 
Mexicana de Parasitologfa (SMP) to officially have one of their dele-
gates represent their interests to the ASP Council. The section on Par-
asitology of the Canadian Society of Zoologists already has this status. 
Action item: I would like to propose that we offer the SMP Affiliate 
Society status within the American Society of Parasitologists and that 
the usual guidelines spelled out in our bylaws on application for Affil-
iated Status be waived. I also want to create a vehicle that will foster 
greater interactions among parasitologists from each of the three nations 
represented at this Tri-National Congress. Such a vehicle might take the 
form of a Graduate Student Exchange Fellowship with the final guide-
lines to be worked out subsequent to this meeting and with the final 
approval for the guidelines being this body. 
Action item: I propose that the ASP create two to four (4) graduate 
exchange fellowships that would permit doctoral students who are mem-
bers of the ASP to spend at least 6 months working in a lab in outside 
their native country. These fellowships should be funded by income 
identified by the Business Advisory Committee and I would like to see 
the first fellowships awarded by 2010. I consider this proposal in keep-
ing with our Immediate Past President, Tim Yoshino's admonition in 
his Presidential address to this Society, "Think globally and act locally!" 
The ad hoc Strategic Planning Committee deduced from results of 
the membership survey that new members who remain active for five 
years or more tend to remain members for the duration of their scientific 
careers. Once a member joins the ASP that member has to attend con-
secutive annual meetings in order to "bond" with the Society and es-
tablish his or her professional relationships to the Society. To this end, 
it is imperative that the ASP as a Society do everything to make sure 
that there is an uninterrupted progression of annual meetings. 
Action item: Thus, I want to ask the Council to reaffirm our bylaws, 
which states that, "Each year the members of the Society shall hold an 
Annual Meeting, which shall incorporate such activities as presentations 
of papers, symposia, posters, or other demonstrations of scholarly ac-
tivities, regular business sessions for both Council and the general mem-
bership, and such other activities as deemed necessary to the well-being 
of the Society." More importantly, a motion should restate our desire 
to hold annual meetings in years of ICOPA, although not to conflict 
with the dates of the ICOPA. An ICOPA by its very nature will be 
significantly more expensive and therefore cost-prohibitive to many of 
our members. Also, the Priorities and Planning Committee will be rec-
ommending that we expand the reach of the ASP by increasing partic-
ipation of non-U.S. parasitologists, and one way to achieve this would 
be to plan annual meetings in proximity to either our northern or south-
ern border states. Certainly, the 2008 meeting in Arlington, Texas, meets 
this need. Furthermore, these meetings should be sensitive to the issues. 
of total cost of attending, location, timing, and other issues that may 
reasonably be anticipated as having a significant effect on the member-
ship's ability to attend said meetings. 
The report from the Industrial Liaison committee makes it obvious 
that we need to rethink what our expectations of this committee should 
be. My opinion is that they have not been very realistic. Our corporate 
friends should not be thought of as unlimited sources of funds waiting 
to be gifted to this Society. Companies that'donate to underwriting our 
annual meetings should have a very real expectation that its money will 
be well spent. We need to implement new ideas. For example, we 
should solicit scientific supply houses, manufacturers, and publishers to 
exhibit at our Annual Meeting with the realistic expectation that our 
members will be consume their products and services in the coming 
year. Competitive exhibitor fees, perhaps set in consultation with our 
Business Advisory Committee, need to be known well in advance of 
the next meeting for which funding is to be sought. We should also 
consider selling naming rights for Sessions, Symposia, or awards as a 
way to acknowledge our corporate partners. NIH and NSF have small 
grant programs to fund portions of meetings, and although it takes time 
and effort to prepare applications, they can be had (and perhaps this is 
something the Site Selection Committee could assist with). 
Action item: Task the Industrial Liaison Committee to prepare new 
guidelines for the Council's approval that sets out to raise a finite 
amount of revenue for use at the next meeting based on exhibitor fees, 
session or award sponsorships, small grants, and/or local solicitations. 
This needs to be accomplished extremely quickly, if we expect to see 
support for ASP-2008. Dr. Tom Kennedy, long a supporter of ASP and 
a member of the current Industrial Liaison Committee, is very interested 
in helping to re-energize this effort. Other members of the current com-
mittee may be willing to help as well. 
Last, I asked each of this year's Committee Chairs to let me know 
whether there any special things that they wanted me to bring to Coun-
cil. Herewith are their items. The Chair of the Ashton Cuckler Young 
Investigator Award Committee has pointed out that Council has asked 
that award-presenting committees identify not only the current year's 
winner but also the coming year's winner as well. The bylaws state, 
". .. the award is to be given to a new investigator who has, within 
the last 2 years, been awarded a Masters or Doctoral degree in the area 
of Parasitology." This means that it is possible that a nominee could 
be put forth in his or her second year after graduating, and the recipient 
would be more than 2 yr out by the time of the next meeting. Dr. 
Connors has suggested that the bylaw be modified to state " ... Given 
to a new investigator who has been nominated within 2 years of receipt 
of a Masters or Doctoral degree in an area of Parasitology ... " and 
the second criteria be restated as ". .. The nominee must be a member 
of ASP at the time the award is made." 
Action item: I move the By-laws be so amended as to accommodate 
Dr. Connors' suggested changes. 
The Student Awards Committee wishes to reiterate how important it 
is to appoint at least 15 people to their committee who can commit to 
attending the upcoming Annual Meeting to ensure enough people to 
judge student presentations. I can vouch for the seriousness of this issue, 
as many people I asked to serve on this year's committee declined to 
participate because they weren't planning on attending the meeting (al-
though they were willing to read travel grant applications). 
So, let me end by welcoming our past and present officers, council-
ors, members, and guests to the 97th Annual Council Meeting of the 
American Society of Parasitologists in Merida, Yucatan, Mexico. I have 
been extremely honored to have had the opportunity to lead this Society 
and to continue making sure members of the American Society of Par-
a~itologists will have a voice and body to subserve their professional 
needs. I want to thank Dr. Victor Vidal Martinez and the members of 
the Local Committee in Merida for offering us this breathtaking venue 
and for their tireless efforts in organizing this meeting. Don Duszynski 
may have just put forth his greatest Herculean effort in preparing our 
extraordinary scientific program of almost 500 papers that we are about 
to immerse ourselves in for the next 5 days, and for this effort we are 
all extremely appreciative. I must also express both my own and the 
Society's gratitude to al~ of those individuals who accepted an invitation 
to serve on one or more of our standing and/or ad hoc committees even 
if they already had too much on their plates. This year, the organization 
of the Presidential Symposium entitled "Global Warming and its Effects 
on Parasitic Infections" actually devolved to the President; therefore, I 
must thank the four outstanding speakers (Dr. Timothy Hall of the God-
dard Institute for Space Studies, Dr. Susan Kutz of the University of 
Calgary, Dr. Carter Atkinson of the U.S. Geological Survey, and Dr. 
Kevin Lafferty, also of the U.S. Geological Survey, for making time in 
their schedules and for their willingness to overcome layers of bureau-
cracy,· I want to thank Dr. Ana Flisser, the President of the Sociedad 
Mexicana de Parasitologfa, lll1d their exuberant membership for their 
participation in this meeting. fcmust also extend my sincere thanks to 
Secretary-Treasurer Dr. John Janovy, Jr., and his able assistant Beth 
Wilkins for making me look good. If you believe that I have failed at 
any task, it is my fault alone and not theirs. I want to thank all the 
current and former officers of the Society and members, too, who over 
the years have metamorphosed from my heroes to my peers and who 
were so kind and giving of their time and sagely advice. I wish to extend 
a very special thank you to Drs. Dennis Minchella, Tim Yoshino, Steve 
Nadler, and David Lindsay (our immediate past and future presidents) 
for all of their helpful conversations, suggestions, and warnings. You 
have all made these last several years so very memorable for me. 
B. President-Elect-5teven A. Nadler 
According to the ASP Handbook, "The President-Elect performs du-
ties assigned by the President or Council. The President-Elect serves as 
the Chair of the Priorities Committee and must submit written recom-
mendations, in the form of a committee report, for consideration by 
Council when requested by the Secretary-Treasurer." With respect to 
the latter, the Priorities and Planning Committee report for the 97th 
Annual Council Meeting is presented separately in the Council Meeting 
Agenda. That report addresses two main items: meeting site selection 
and outreach efforts to non-U.S. parasitologists. I represented the so-
ciety at the May 2007 meeting of the CSSp, which in addition to pro-
viding a forum for leadership development, included expert presenta-
tions and discussions on many issues of concern to our membership, 
including science education policy, international science issues (e.g., 
post-September 11th restrictions on open scientific exchange), global 
climate change, sustainable development, U.S. science funding, and wa-
ter use issues. I will be serving on the CSSP Education and International 
Science committees, and I will be bringing issues from these commit-
tees forward to the ASP Council and membership for consideration. As 
an example, CSSP encourages the ASP membership to evaluate (and 
consider endorsing) the UN-Sigma Xi report Confronting Climate 
Change (http://www.sigmaxi.org/aboutinewsIUNSEGReport.shtml). 
I'd like to thank Past President Yoshino, President Kayes, Vice Pres-
ident Lindsay, and especially Secretary-Treasurer Janovy and Beth Wil-
kins for their advice and assistance during the past year. I look forward 
to working with all members of the society as I assume the office of 
President. 
C. Vice President-David S. Lindsay 
As Vice-president of the American Society of Parasitologist, my du-
ties were to serve as a member of the ad hoc Committee on the Journal 
of Parasitology and the ad hoc Priorities and Planning Committee for 
ASP. Dick Seed did a wonderful job as head of the ad hoc committee 
on the Journal of Parasitology. The same can be said for Steve Nadler 
as chair of the ad hoc Priorities and Planning Committee for ASP. 
I am also chair of the Industrial Liaison Committee. We are charged 
with obtaining funds/improving communication between ASP and In-
dustrial groups. I submitted a report to council. I believe the expecta-
tions of the committee need to be re-examined. 
I attended the Southeastern Society of Parasitologists meeting. No-
body knew me at first, then I had to explain that it was really me just 
200 Ib less of me and that I had shaved my beard. I was finally accepted 
by most. In reality, it was a great meeting at a wonderful location. 
I would like to thank Steve Kayes for putting up with me. 
D. Secretary-Treasurer-John Janovy, Jr. 
Status of the Society: As was the case last year, we have experienced 
a slight drop in membership, although our overall financial position is 
relatively strong. In anticipation of the Merida meeting, we initiated 
some online banking activities with Wells Fargo (our local bank in 
Lincoln, Nebraska), but for a variety of reasons were not able to get up 
and running with membership, auction payments, etc. In the meantime, 
an offer that I felt we couldn't refuse came from Allen Marketing and 
Management that included online voting, dues payment, and mecha-
nisms for doing some other financial transactions online, so I accepted 
that offer. We should break even in 2 yr on ballot printing and postage 
alone. The 2007 election was the first held with this new system; AMM 
mailed out paper ballots to those whose li!-'Il1ail addresses were a prob-
lem. On other matters, we have started receiving payments from 
JSTOR, and we have continued receiving payments from BioOne and 
the Center for Copyright Clearance. As a result of questions from the 
auditors, I sent out a query regarding a conflict of interest statement for 
Council members; your responses ranged from mild indignation to as-
surance that draconian ones were typical of many government employ-
ees. I will follow up on this particular item during the next few weeks, 
and you are likely to be asked to approve one or put it on the 2008 
agenda some time during the fall. The Business Advisory Committee 
has been quite active this year (see report below), and as a result of 
that activity, as well as our finally getting online access to and power 
over our accounts, I have begun a more aggressive investment policy 
than we followed in the past. We have put quite a bit of cash into CDs 
(now the most conservative part of our investments), disposed of stocks 
and mutual funds that were essentially stagnant, and bought mutual 
funds with high performance over the past 5 yr. Our portfolio is still a 
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little "top heavy" (large cap value), but I will continue working with 
the BAC to balance it out with smaller cap and growth funds. Beth also 
spent a great deal of time on Value Added Tax refunds resulting from 
the Glasgow, Scotland, meetings. 
Membership: We now have 14 different categories of membership, 
some of which are new since the last report, and I personally will 
discourage adding any additional categories. We also have 7 different 
categories of subscription, and as with the memberships, the Secretary-
Treasurer discourages additions to this list. 
Membership summary (by category) 
2005 2006 2007 
Regular 650 588 510 
Student 137 82 83 
All others 186 184 188 
Total 973 854 781 
Subscriptions (by category) 
2005 2006 2007 
Institutions 40 40 30 
Agencies 822 718 645 
Complimentary 8 8 9 
Exchange 8 8 8 
Foreign Scientists 10 10 11 
Total 888 784 703 
Council has received via e-mail an advance copy of the income/expense 
table below. Income and expenses = cash flow but including unrealized 
gain/(loss) for 2004 through 2006 
Income Expense 
2004 2005 2006 2005 2005 2006 
St-St (r) 31,311 13,295 43,948 
DCB 63,232 107,533 45,988 98,959 101,342 104,796 
Journal 285,862 288,819 259,585 225,936 232,977 223,212 
St-St (i) 1,193 1,391 2,793 4,077 7,354 13,173 
B-vB 122 474 765 0 0 0 
AC (1,174) (1,430) 9,091 2,500 3,566 2,959 
St Trvl 13,853 11,118 23,130 9,190 7,450 7,200 
Total 394,399 421,200 385,300 340,662 352,689 351,340 
Margin 53,737 68,511 33,960 
Investments: In addition to the above-mentioned income sources, our 
total investment value was $624,786 in December 2004, $647,261 in 
December, 2005, and $725,776 in December 2006. ASP's "net worth" 
(=investment value + cash accounts - liabilities) at the end of 2004 
was $725,731, at the end of 2005 it was $794,186, and at the end of 
2006 it was $828,154. At least some of our annual "income" is always 
in the form of unrealized gains/(Iosses). We also received a great deal 
of advice from the Business Advisory Committee, and as a result, we 
have started pursuing a much more aggressive investment plan than in 
pn~vious years (see BAC report below). 
Operations: Beth Wilkins continues to be a remarkable asset to the 
Society because of her dedication and skills at day-to-day operations, 
working Monday, Tuesday, and half-day on Wednesday. She reconciles 
the monthly reports from Douglas County Bank; routinely updates sev-
eral parts of the ASP website; prepares check requests for me to forward 
to Mize Houser; keeps the internal cash flow and membership spread-
sheets, incorporating Allen Press deposit, membership, and author bill-
ing reports; and maintains Society files. The audit for 2006 is not ready 
for Council consideration because Mize Houser had to file for an ex-
tension on income tax reporting (for unspecified reasons). 
Joint operations and contracts: We continue to pay quite a bit for 
administrative and accounting services, but as a result of my interac-
tions with AMM and MH, I'm not convinced we have a whole lot of 
options. We signed a contract with AMM for enhanced online service 
that contains the following: online membership directory, online mem-
bership maintenance, e-mail renewals, online sales, electronic reporting 
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(SIT office), online ballots and surveys, broadcast e-mail, and admin-
istrative services. This list of services comes with an additional cost to 
ASp, but according to AMM it offers positive effects by reducing future 
costs. 
We also have pending updated proposal from Alliance Communica-
tions Group (part of AMM) to electronically publish the Journal of 
Parasitology. This proposal was presented to Council at the Mobile 
meeting was subsequently addressed by an ad hoc committee appointed 
by the President. See Ad Hoc Journal of Parasitology Committee re-
port, Section N. E. below for results of this committee's work. Income 
from our BioOne and JSTOR contracts is increasing, and both contracts 
seem to be excellent moves by ASP. Thomson Gale (electronic pub-
lishing services) also has been communicating with me fairly aggres-
sively regarding nonexclusive rights to provide Journal of Parasitology 
content online through Academic OneFile. 
I did sign the contract for the Arlington meeting venue (see Program 
Officer's report) and forwarded the security deposit for those meetings. 
Communications: Since July, 2006, Officers and Council members-
at-large acted bye-mail communication and/or vote the following items: 
Item 1. 6 September 2006---Discussed 2006 Council action estab-
lishing a new category of membership for first-time postdocs ($105 
for 3 yr), then instituted the category, with no dissentions. 
Item 2. 25 September 2006---Voted to approve/accept the 2005 audit. 
Item 3. 23 January 2007-Received a draft conflict of interest state-
ment and provided some comments; no action. 
Item 4. 23 January 2007-Received electronic publishing proposal 
from AMM and provided some comments; no actions. 
Item 5. 19 February 2007-Approved the Bueding-von Brand 
Award winners for 2007 (Richard J. Martin) and 2008 (Aaron G. 
Maule). 
Item 6. 19 March 2007-Approved the Eminent Parasitologist 
Award winner for 2007 (Mark Eberhard). 
Item 7. 27 March 2007-Approved the Ashton Cuckler Award win-
ner for 2007 (Gregory J. Sandland). 
Item 8. 6 June 2007-Approved the Read Mentor Award winner for 
2008 (Don Duszynski). 
E. Journal of Parasitology Editor-Gerald W. Esch 
The year has been a very busy one for the editorial office. During 
the Council meeting in Glasgow, I persuaded President Tim Yoshino to 
appoint an ad hoc committee to consider several issues that had devel-
oped over the years. Former President J. Richard Seed most ably led 
the Committee's work, and they have produced a well-written and use-
ful document (see reference to the report elsewhere in the agenda for 
the annual meeting of the Council). 
There has been one change in the Editorial Board. I requested Her-
man Eure to take John Oak's place as Associate Editor for Special 
Projects. I have asked Herman to do this job because I wanted someone 
close by with whom I could more easily consult. I want to sincerely 
thank John for all of his service to the Journal and the Society over 
the years. One of the new responsibilities of the Special Projects As-
sociate Editor will be to solicit review papers, which the Journal will 
begin publishing on a more regular basis as time goes by. 
I want to again thank and acknowledge Vickie Hennings for all of 
her work during the past year. She has made my job so much easier to 
do! I also want to thank Annielaurie Seifert>;·bur account person at Allen 
Press. She has been very helpful to both Vickie and me. The Consulting 
Editors and all of the Associate Editors on the Editorial Board of the 
Journal have once again done a wonderful job. Finally, I want to thank 
all those who give freely of their time to review papers for the Journal. 
This involves considerable effort, but you continue to do outstanding 
work for the authors, the Journal, and the Society. 
F. ASP Newsletter Editor-Scott L. Gardner 
In 2006, three newsletters were published as PDF files. There were 
two requests for hard copy of the newsletter, and we printed them on 
our high-resolution printer and mailed them from the Manter Labora-
tory. 
One unique addition to the last newsletter was the reprinting of the 
Presidential address of Dr. Yoshino. We will make an attempt to con-
tinue this and make it a tradition to reprint the Presidential address in 
the newsletter to make the address as widely available as possible to 
try to increase the impact of the President on the recruitment of new 
members in the society. The editor encourages more novel ideas like 
the Dick Seed and John Oakes column, they keep them coming and 
that is very good for our readership. 
G. Scientific Program Officer-Don Duszynski 
Merida, Mexico, 21-25 June 2007: The idea for hosting a joint meet-
ing between ASP and the SMP was conceived in July 2001, when Dr. 
Maria Leopoldina Aquirre Macedo (Leo) approached me at the ASP 
Annual Meeting in Albuquerque, New Mexico, and asked when ASP 
might consider coming to Mexico. She said that she and her husband, 
Dr. Victor Vidal Martinez, would be glad to consider hosting such a 
meeting in Merida. After John Janovy and I visited Leo and Victor in 
Merida, a plan was conceived and the rest, as they say, is history. 
This has been the most challenging year getting everyone together, 
but we now are positioned to have an historic meeting in 2007, the first 
time that Canadian, Mexican and U.S. parasitologists have met in one 
place at one time, at the Hyatt Regency in Merida, Yucatan, Mexico. 
ASP President Steve Kayes and SMP President Ana Flisser have been 
working to help make this meeting happen, as have the Co-Chairs of 
the Local Committee, Victor and Leo, who have been ably assisted by 
Reyna Rodriguez Olayo. At the Hyatt Regency, we've worked closely 
with Mayra Hernandez, Groups and Banquets Manager, who has been 
accommodating and helpful at every tum. 
Coordinating any national meeting, especially an international meet-
ing of this magnitude, requires patience, attention to detail, and a certain 
amount of diplomacy; thus, I made 3 trips to Merida and 2 to Mexico 
City in the last 2 years. In Merida, I worked with Victor, Leo, Reyna, 
and Mayra discussing logistics of the hotel and details the Local Or-
ganizing Committee needed to handle; and in Mexico City, I met with 
Ana Flisser, Patricia Talamas, and Guadalupe Ortega Pierres to discuss 
the structure and organization of the scientific program. This year's 
program includes 13 symposia (52 papers), 3 plenary sessions (6 pa-
pers), 5 invited/distinguished speakers (2 presidential addresses, Bued-
ing von Brand speaker, Eminent Parasitologist speaker, C. P. Read Men-
tor Award speaker), 3 poster sessions of 236 posters (including 56 SMP 
student posters), and 164 oral papers in 21 different sessions (including 
40 ASP student papers in 5 sessions), for a total of 463 presentations. 
Cutting-edge science and something for everyone! And with 92 papers 
and posters by ASP and SMP students, the future of parasitology in our 
comer of the world looks reasonably bright for the moment. 
All abstracts are in English, but oral presentations and posters can be 
in English or Spanish. For oral talks in Spanish, the verbiage on Power 
Point slides should be in English and vice versa. For posters in Spanish, 
there will be an English abstract. Members of the SMP Program Com-
mittee in Mexico City, Ana, Guadalupe, and Patricia, have indicated 
they will help translate English verbiage on Power Point slides from 
ASP members into Spanish, but Power Point presentations must reach 
them at least 2 wk before the meeting begins. 
Merida is a really lovely, clean city in the state of Yucatan that offers 
us all a unique mixture of natural attractions, cuisine, music, culture, 
and fun. It is easily accessible via a number of gateway cities that 
service Continental, Aeromexico, Mexicana, Aerocaribe, A viacsa, and 
AerQcalifornia. 
Arlington, Texas, 27-30 June 2008: We will meet at the Hilton in 
Arlington, where rooms will be reasonably priced ($120 single or dou-
ble; 20 quads for students). The contract with the Hilton has been ap-
proved and signed by ASP officers, and the deposit has been paid. The 
bad news is that there is no Local Organizing Committee; if there are 
parasitologists in the Dallas-Arlington-Fort Worth area who are willing 
to help me organize this meeting, I would be grateful. The good news 
is that Arlington has a fantastic staff at their Convention Bureau, which 
they call "Fun Central," and I am relying on them to make all of our 
jobs a little easier as the time for this meeting approaches. There are 
tons of family-oriented and vacation things to do in and around this 
metroplex of Texas, so start planning to attend this meeting now. 
ASP 2009, and beyond: To date, no sites have been selected and no 
decisions have been made (see George Cain's report from the Meeting 
Site Selection Committee for an update). However, I recently visited 
two possible venues. 
From 26 to 28 April, I visited Charleston, South Carolina, to meet 
with Isaure De Buron, who works at the College of Charleston, and her 
husband, Vincent A. Connors (University of South Carolina-Upstate, 
Spartanburg), to consider Charleston as a possible venue for a future 
ASP meeting. Charleston has a beautiful and historic downtown area 
that would provide a wonderful backdrop to an ASP meeting. However, 
given the historical confines of our meeting times-generally between 
the first week in June and the second week in August-Charleston may 
be a more expensive venue that previously thought. Hotels in downtown 
Charleston, at least those with enough meeting space to accommodate 
ASp, consider their "prime" tourist season to be between mid-May and 
Mid-October; thus, it will be difficult, perhaps impossible, to find a hotel 
with sleeping rooms for less than $150-250/night. Meeting on the cam-
pus of Charleston College is a possibility, but their meeting space (4 
meeting rooms that may hold 100 each, theater set) is limited to barely 
marginal for us, and I was not able to meet with their meeting coordi-
nator to determine what rental fees might be. They have summer group 
housing rates in their dorms with both single ($36.50) and double 
($29.50) occupancy, but space is limited as are the times they are avail-
able for nonstudent groups; also, they likely could not accommodate all 
of our 300 or so participants. I can explore Charleston further if Council 
instructs me to do so. 
From 15 to 20 May, George Cain and I visited Anchorage Alaska, 
as guests of the Anchorage Visitors Convention Bureau (AVCB). We 
were both awfully impressed with the city, with 4 of the hotels that 
would have enough space to host our meeting, and with the myriad of 
activities available within/near the city for our members and their fam-
ilies to take advantage of. Once again, "peak season" rears its ugly 
head, and I June through 15 September is the time when most tourists 
visit and when hotel prices skyrocket. A member of the AVCB is will-
ing to come to Merida to present an invitation and a package deal to 
our members at our scheduled ASP Business Meeting on 25 June. I 
think it would be worth listening to her. Before visiting Anchorage, I 
had no desire to go to Alaska and thought there was no way we would 
ever consider meeting there. Now, I think it is possible and worth Coun-
cil's consideration. I will need to know soon (within days) whether we 
should give our AVCB representative the green light to come to Merida 
to present their case to host an upcoming ASP meeting. 
Committee assignments by ASP presidents: Each incoming ASP Pres-
ident has the opportunity to make assignments to all standing commit-
tees, including those that determine who will receive our highest 
awards/recognitions: Stoll-StunkardlEminent Parasitologist Lecture (al-
ternate even/odd years, respectively), Bueding-Van Brand Lecture (next 
award in 2008), Barclay McGhee Lecture (next award in 2008), H. B. 
Ward Medal Lecture (usually, but not always annually), C. P. Read 
Mentor Award Lecture (often yearly, but as nominations dictate), as 
well as our Distinguished Service Award (as nominations dictate) and 
the A. CuckIer New Investigator Award (yearly). It is useful to help 
publicize the quality of our Annual Meeting if the names of recipients 
for most of these awards can be advertised in our Call For Papers 
booklet under "Scientific Attractions." Thus, I would like to again re-
mind each incoming President that the membership of committees that 
select award recipients should be established soon after taking office 
and that their charge be to solicit nominations, evaluate the candidates, 
and make a nomination to Council befor.;. the deadline for abstracts for 
the upcoming meeting (often late March) at which the award is to be 
made. And it would be nice if we could get to-and stay on-the "I 
yr in advance" state for all of our major lectures and awards. Chairs 
of each award committee should be reminded that it is usually part 
of their task to introduce the award recipient at the meeting since 
they are the ones most familiar with the recipients' qualifications. 
If the Chair of the nominating committee does not plan to attend the 
annual meeting, then it is his or her responsibility to find someone who 
will introduce the award recipient. 
H. ArChivist-Mary Hanson Pritchard 
The archives of the Society continue to be located in the library of 
the Harold W. Manter Laboratory. Services, collections, and library are 
safely housed at this 30-yr location. 
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I. Student Council Member-at-Large-Elizabeth A. Thiele 
Working with Juan Sandoval Gio, the student representative from the 
SMp, we have planned the 2007 Student Symposium for the First North 
American Parasitology Congress. Drs. Rossana Arroyo Venistegui 
(CINVESTAV-IPN, Mexico), Marilyn Scott (McGill University, Cana-
da), Eric Dumonteil (CIR-UADY, Mexico), and Thomas Gillespie (Uni-
versity of Illinois, USA) have been invited to talk about their research 
in the context of parasitology as an international science. Additionally, 
thanks to the efforts of Reyna Rodriguez Olayo, we have organized a 
night of tropical fun for young parasitologists at the local hot -spot Mam-
bo Cafe after the ASP/SMP Student Auction on Friday evening. 
To facilitate communication among young parasitologists, an online 
discussion forum was developed. It is my hope that this forum will 
provide a centralized location for active interaction among all members 
throughout the year. For the time being, the ASP Student Forum will 
be located at http://web.ics.purdue.edul~eathiele/phpBB2. If it proves 
to be an asset to student members, a more permanent location, perhaps 
more directly associated with the ASP Web page, will be found. Nom-
inees for the 2007-2008 Student Council Member-at-Large are Carrie 
Fyler (University of Connecticut, Storrs, Connecticut) and Joanna Hays 
(Sam Houston State University; Huntsville, Texas). 
II. REPORTS OF STANDING COMMITTEES 
A. Award Committees 
Henry Baldwin Ward Medal: Bruce Christensen (Chair 07), George 
Hillyer (07), Jack O'Brien (08) Malcolm Powell (08), Dennis Richard-
son (08), David Williams (08). 
No nominations for the Henry Baldwin Ward Medal were received 
by the committee. 
Bueding and von Brand Lectureship: Larry S. Roberts (Chair, 10), Cyn-
thia L. Chappell (07), Edwin C. Rowland (08), Bill Granath, Jr. (09). 
Report of the Bueding-von Brand Lectureship Committee (Larry S. 
Roberts, chair; Cynthia L. Chappell, Edwin C. Rowland, and Willard 
O. Granath, Jr.): The Committee had two excellent nominees for the 
Bueding-von Brand Lectureship. Fortunately, we were able to recom-
mend both of them, one for 2007 and the other for 2008. Dr. Richard 
J. Martin, Iowa State University, will give the Bueding-von Brand Lec-
ture in Merida, and Dr. Aaron G. Maule, Queen's University Belfast, 
will give the Bueding-von Brand Lecture in Arlington. 
R. Barclay McGhee Memorial Lectureship: John H. Adams (Chair, 07), 
Scott Snyder (08), Sam Loker (09), John Barta (10). 
This is an off year for the R. Barclay McGhee lectureship. The next 
lecture is scheduled for 2008. The R. Barclay McGhee Memorial Lec-
ture is made to honor someone in Barclay's field of research or in 
protozoology. A call for nominations for the 2008 lectureship will be 
posted after the meeting. 
Ashton Cuckler New Investigator Award: Vincent Connors (Chair, 07); 
Michael Kent (07), John Hawdon (08), Oscar J. Pung (08), Noah Zim-
merman (08). 
T.he Ashton CuckIer Young Investigator Award Committee consisted 
of Drs. Vince Connors (Chair), Oscar J. Pung, John Hawdon, Noah 
Zimmerman, and Michael Kent. The committee received 2 nominations 
and reviewed 2 application packets for this year's award. Of the 2 ap-
plications, one was deemed to be both outstanding and to have met all 
of the eligibility criteria for selection as outlined by Council, whereas 
the second, although a good application, did not meet eligibility criteria. 
Based upon our deliberations the committee forwarded the name of Dr. 
Greg J. Sandland, currently of Purdue University, to Council for con-
sideration as the 2007 Ashton Cuckler Young Investigator Award win-
ner. Notification of Council's vote to accept Dr. Sandland as the winner 
was received 3 April 2007, and the candidate was notified via e-mail 
on 4 April 2007. 
Clark P. Read Mentor Award: Kelli K. Sapp (Chair, 08); Brent B. 
Nickol (07), Cheryl Davis (09), Gerardo Perez-Ponce de Leon (10), 
Stephen Kayes (ex officio). 
The Committee received 3 excellent nominations for the 2008 Clark 
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P. Read Mentor Award and voted to select Dr. Donald W. Duszynski, 
University of New Mexico, as the recipient. Dr. Raymond Kuhn, Wake 
Forest University, will receive the 2007 Clark P. Read Mentor Award 
at the upcoming meeting in Merida, Mexico. 
Stoll-Stunkard and Eminent Parasitologist Lectureships: David L. Wil-
liams (Chair, 07); Daniel K. Howe (08), Robert Grieve (09), Jack Bristol 
(10). 
In 2006, the Committee selected Dr. Daniel Brooks, the University 
of Toronto, for the Stoll-Stunkard Memorial Lecture. Dr. Brooks' pre-
sentation at the joint ASP-ICOPA meeting in Glasgow, Scotland, em-
phasized the substantial integrative capacity for parasitology across the 
zoological disciplines. Dr. Brooks was one of the first investigators to 
introduce parasitologists to objective approaches in evaluating evolu-
tionary history, organismal relationships, and biogeography by using 
primarily parasite models, and his work has been broadly incorporated 
into general theory in systematics, biogeography, and biodiversity. 
Dr. Mark L. Eberhard, Director of the Division of Parasitic Diseases, 
NCID, CDC, was selected for the Eminent Parasitologist lecture for 
2007, to be given at the ASP meeting in Merida, Yucatan, Mexico. Dr. 
Eberhard has conducted research on an enormous range of parasitolog-
ical problems primarily on organisms infectious for humans. In efforts 
to solve health-related problems associated with these organisms, he 
has made significant contributions to the development of diagnostics 
and therapeutics and to better understand the pathology, immune re-
sponse, transmission, in vitro cultivation techniques, and useful animal 
models for these diseases. 
The next Stoll-Stunkard Memorial Lecture is scheduled for 2008. 
Distinguished Service and Extramural Awards: Robin Overstreet (Chair, 
08); Bruce Conn (07), Richard Clopton (09), Eugene Foor (10). 
There were no nominations for candidates in 2007. 
Kuperman Award: Awardees of the 2006 Kuperman Memorial Grants 
were (1) Dr. Natalia M. Biserova, Ph.D., D.Sc., Department of Inver-
tebrate Zoology, Faculty of Biology, B-234, Moscow State University, 
119992, Moscow, Russia. The project was "The nervous system on-
togeny in cestodes." (2) Dr. Tamara Boutorina, Department of Bio-
ecology, The Far Eastern State Technical University of Fishing Industry, 
690950, Lugovaja str., 52-b, Vladivostok, Russia. The project was "Di-
versity of char parasites (Salmoniformes, Salmonidae) of Eurasia." 
Both investigators provided reports that will be published in the news-
letter. 
B. Student Travel Awards Committee 
Mike Barger (Chair, 07); Alex Acholonu (07), Coen Adema (07), Mike 
Ferdig (07), Kirsten Jensen (07), Susan Perkins (07), Tamara Cook (08), 
Julian Hillyer (08), Agustin Jimenez-Ruiz (08), Alexa Rosypal (08), Jon 
Milhon (09). • 
A total of $8,500 was awarded from the committee for Marc Dresden 
student travel grants, ranging between $200 and $400 per student. The 
recipients were Tavis Anderson, Rebecca Baldwin, Elizabeth Borda, 
Ana Milena Caicedo Vallejo, Lauren Camp, Sabrina Dahlgren, Jillian 
Detwiler, Said EI-Ashram, Juan Garcia, Eustacio Galileo Escobedo 
Gonzalez, Omar Hamarsheh, Joanna Hays, Kristin Hermann, Clay ton_ 
James, Barbara Katzenback, Gabriel Langford, Stacey Lettini, Chad 
Linder, Chelsea Matisz, Joanna McPhersori,'Marco Antonio de Leon-
Nava, Nicholas Negovetich, Joseph Ogedengbe, Dawn Roellig, Wayne 
Rossiter, Debbie Ruelas, Kate Sheehan, Sara Skotarek, Eric Stiner, An-
drew Taft, Elizabeth Thiele, Anne Vardo, Marcela Esquivel Velazquez, 
and Jose Antonio Vargas-Villavicencio. 
C. Education Committee 
Lee Couch (Chair, 09); Isaure De Buron (07), Brenda Beerntsen (08), 
Lyric Bartholomay (10), Scott Seville (11), Ann Barse (ex officio), Den-
nis Minchella (ex-officio). 
The Education Committee, for the third year in a row, promoted its 
Student Research Grant Competition, named the ASP Willis A. Reid, 
Jr., Student Research Grant, on the ASP list-serve and the ASP website 
this past fall 2006. The competition is open to both undergraduate and 
graduate level ASP student members, and it is intended to provide a 
small research grant for those students at institutions where there are 
no research funds available or there is only limited funding for their 
research. Six graduate student proposals and 2 undergraduate proposals 
were received. After careful consideration by the committee members, 
$1,000 was awarded to Jamie Kopper (Ph.D. candidate with Linda 
Mansfield from Michigan State) for her proposal "Examination of the 
effect of Trichuris muris on the microbial ecology of the colon." A 
$500 check was awarded to Ken Kellner (an undergraduate with Kristen 
Page from Wheaton College) for his proposal "Prevalence of raccoon 
roundworm (Baylisascaris procyonis) in intermediate host populations 
as a function of land use." 
Last, the Education Committee would like to encourage all ASP 
members to continue to promote parasitology through their commitment 
to working with K-12 students as outlined in previous reports. 
D. In Memoriam Committee 
Douglas B. Woodmansee (Chair, 07); Anindo Choudhury (08), James 
H. Oliver (09). 
The committee received notice of the death of Eugene C. Weinbach, 
retired parasite biochemist at the National Institutes of Health. Accord-
ing to an obituary published in the Washington Post, Dr. Weinbach was 
a member of the American Society of Parasitologists and died on 21 
April 2007. Also reported was the death of Dr. Wilbur Bullock, retired 
faculty member at the University of New Hampshire on 22 April 2007 
and that of Nathan Riser, Marine Science Center, Nahant, Maine, on 26 
July 2006. Finally, Dr. Robert Calentine, retired parasitologist from the 
University of Wisconsin-River Falls, passed away on 10 May 2007. 
E. Nomenclature and Terminology Committee (ad hoc) 
Tom Platt (Chair); Bill Font, Eric Hoberg, David Lindsay, Steve Nadler 
(ex officio), Armand Kuris (ex officio), Burt Williams (ex officio). 
There were no inquiries or requests submitted to the Nomenclature 
and Terminology Committee during the past year. 
F. Business AdviSOry Committee 
Austin MacInnis (Chair, 09); Dianne Ritter (06), Chuck Sterling (07), 
Peter Hotez (08), Omar Amin (09), John Janovy, Jr. (ex officio). 
Total assets of the Society at the end of 2006 were $725,766. As of 
7 May 2007, these assets had risen to $764,864. To put this figure in 
perspective, assets of the Society were $719,166 at the end of 1999, 
about $700,000 at the end of 2000, and then approximately $500,000 
at the end of 2001. Of course, the precipitous decline was a result of 
the meltdown in stocks "during 2001. As a result, the Society endeavored 
to restructure our investments because most of our holdings were ex-
clusively with Putnam at that time. The result was more sane returns, 
but with continued recognition of the need for further restructuring. To 
that end, the BAC has made several suggestions for further reinvesting, 
particularly in Categories 1, Stoll-Stunkard restricted; 3, Stoll-Stunkard 
unrestricted; 5, Ashton Cuckler; and 6, Student Travel Fund. In Cate-
gory 1, the 2 Fidelity Select holdings have been sold off with the rec-
ommendation to purchase T-Rowe Price Global Stock (PRGSX) and 
ano~r world stock fund to be named. In Category 3, the Putnam Fund 
Growth and Income B has been sold with a recommendation to purchase 
from a list of the funds being purchased in Categories 5 and 6. In 
Category 5, which consisted of a blend of individual stocks, it was 
deemed important to divest of such holdings and a recommendation 
was made to purchase Janus Contrarian (JSV AX) and Dodge & Cox 
International (DODFX). Another fund to consider purchasing in the 
Category is Mutual Discovery A (TEDIX). In Category 6, Putnam Fund 
Growth and Income A and Putnam Voyager A have been divested with 
recommendations to purchase Fidelity Leveraged Company Stock 
(FLVCX) and FBR Small Cap Fund (FBRVX). This realignment of 
holdings not only leads to greater diversification of the portfolio but 
also should enhance returns on our investments because the funds being 
recommended are virtually all Morningstar 5 star performers. In addi-
tion, the Society is encouraged to maintain a CD ladder as it now has. 
This new alignment will hopefully prevent wild swings from ruining 
our long-term outlook and should provide a healthy financial foundation 
for the Society over time. 
Recommendations: Implementation of the fund purchases as put forth 
in this report. 
G. Meeting Site Selection Committee 
George Cain (Chair, 07); Janice Moore (08), Ronald Hathaway (09), 
Don Duszynski (ex officio). 
Future meetings already approved by Council include 2008-Arling-
ton, Texas. The following sites are under active consideration: 
Keystone, Colorado: Primarily known as a ski resort, Keystone has 
very favorable summer rates. With 152 guest rooms it may be a little 
small for our attendees, but there are other lodging opportunities (prob-
ably with lower prices) within easy walking distance. The meeting space 
is probably adequate. It is a 90-min drive from Denver, and the resort 
operates a shuttle for guests. We will have more information when Don 
Duszynski visits there later this summer, but for now, Keystone remains 
high on our "active consideration." 
Charleston, South Carolina: Council has already received a report 
on Charleston from Don Duszynski, who visited there in April. The 
Committee still views Charleston as a very favorable location. 
Knoxville, Tennessee: In the past few years, Knoxville has placed a 
focus on attracting meetings of all sorts. They have recently hosted 
meetings of groups similar in size (and orientation!) to ours. Knoxville 
is easy to reach by air; the airport is only 10 min from town. Local 
ASP members are numerous, compared with most cities. Attractions 
abound: Great Smoky Mountains National Park; Museum of Appala-
chia; the Lost Sea, just to name a few. And downtown Knoxville is 
undergoing a renaissance marked by the restoration of the Tennessee 
Theatre, one of the most impressive theatre restorations in the country, 
and the addition of many new restaurants and high-end retail space. 
Finally, lodging in Knoxville will be less expensive than in Charleston. 
The Committee regards Knoxville as a very attractive site and continues 
to hold it on our active consideration list. 
Anchorage, Alaska: Council has received a report from Don Du-
szynski on a recent trip to Anchorage in which their facilities and at-
tractions were very attractively showcased. Our Committee has not had 
time to weigh in on Anchorage (sorry!), but Council will be in a perfect 
position to do so in view of the visit of a representative of the An-
chorage Convention and Visitors' Bureau to our Merida meeting. 
Scheduling of meetings: The Committee has been reluctant to assign 
years to these meeting sites. We feel that we need to know first about 
whether Council will again want us to cosponsor the upcoming ICOPA, 
as we did for Glasgow and Vancouver. This issue will surely be ad-
dressed at the Council Meeting, because President Steve Kayes plans 
to introduce an action item mandating annual ASP meetings, even in 
the years of ICOPA. If this passes, we will need to recommend.a site 
for 2010. If it doesn't pass, we may still need to recommend a site for 
2010, because decisions for ICOPA years will probably have to be made 
individually, and Council may decide not to bundle our meeting with 
ICOPA in Australia. 
So, the likely scenarios are as follows: 2009-Charleston or Knox-
ville, 2010--Keystone, 2011-Charleston or Knoxville, and 2012-An-
chorage. If Council decides to cosponsor ICOPA in 2010, I would sug-
gest 2009-Charleston or Knoxville, 20 1 O;-ICOPA, 2011-Keystone, 
2012-Charleston or Knoxville, and 20I3~Anchorage. 
H. Nominating Committee 2006 
Jack Bristol (Chair), Anne Barse, Janine Caira, Cynthia Chappell, Mi-
chael Sukhedo, Charles Faulkner (alternate). 
The list of nominees submitted for the 2007 ballot was a follows: 
Vice President, George Cain and Herman Eure; Council Members-at-
Large, Mark Eberhard, Claire Healy, Kirsten Jensen, Janice Moore; 
Nominating Committee, Mike Barger, Ash Bullard, Tammy Cook, John 
Hawdon, Mark Jenkins, Ralene Mischler, Tim Ruhnke, Kelli Sapp, 
Mark Siddall, and Scott Snyder; Student Council Member-at-Large, 
Carrie Fyler, and Joannna Hays. 
Our task, as in past years, was to develop a list of qualified ASP 
members who were willing to stand for election to ASP offices. To 
accomplish this, members of the Nominating Committee submitted 
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names of individuals who might be potential candidates. A pool of 
individuals was generated for each of the positions. Each was then 
contacted by committee members who best knew them to ascertain 
whether they would be willing to run for office. The committee had a 
rather high rate of success in contacting individuals and getting their 
agreement to run. Every attempt was made to provide a slate of can-
didates that represented as many of the disciplines within the Society 
as possible and included both senior and more junior scientists. 
I. Tellers Committee 
Raymond Kuhn (Chair), Jerry Esch, Mack Powell. 
Because of the way the electronic ballots were done, we could not 
determine the number of ballots cast. The manner in which the ballot 
was done for the Nominating Committee and the Council Members-at-
Large was not good and must be changed for next year. The ballot 
should have only one list of candidates for each of these categories, not 
5 and 2 as this year. 
The election results are as follows: Vice President-George Cain; 
Council Members-at-Large 2007-2011-Janice Moore and Mark Eber-
hard; Nominating Committee members-John Hawdon, Tammy Cook, 
Kelli Sapp, Mark Siddall, Scott Snyder, and Mike Barger (alternate); 
Student Representative to Council-Carrie A. Fyler. 
J. Priorities and Planning Committee 
Steven A. Nadler (Chair 07), Marilyn Scott (07), Dennis Minchella (08), 
Michelle Steinauer (08), Charles Faulkner (09), Mark Siddall (09), Da-
vid Lindsay (ad hoc). 
The Priorities and Planning Committee recommends policy and pri-
orities for action by the Society. This past year, the Priorities and Plan-
ning Committee has worked to address 2 main issues that have come 
to the attention of the group. The first issue involves participation of 
the membership at annual meetings, and factors the society should con-
sider with respect to best serving the needs of our members when choos-
ing meeting sites and convening meetings. The second issue involves 
proposals (prior and current) to expand the Society by increasing par-
ticipation by parasitologists from countries other than the United States. 
.. These topics elicited many useful exchanges and responses from mem-
bers of the committee, and I want to thank all of the committee members 
for their timely and thoughtful responses to these issues. 
With respect to our Annual Meeting, our committee notes that no 
sites have been selected for 2009 and beyond, so we hope that our 
recommendations can be considered for future site selection. Our com-
mittee agreed that the costs of the 2006 ICOPA meeting was prohibitive 
for most members, and that in hindsight these costs (registration, travel, 
accommodations) should have been more fully explored before the de-
cision was made to make ICOPA in Scotland the meeting site. In con-
trast, the 2002 ICOPA in Vancouver was more affordable for many of 
our members and much better attended. Thus, one recommendation 
from our committee is that the full costs of any meeting for our mem-
bers should be documented (or estimated as accurately as is feasible) 
and considered before ASP council votes to accept a site-selection pro-
posal. We also revisited whether the Society should prioritize regional 
representation for meeting site selection (e.g., rotating meeting sites 
among eastern, midwestern and western U.S. cities) and whether cam-
pus-based meetings remain a viable alternative. Regarding the latter, it 
was generally agreed that the cost of hosting a meeting at many cam-
puses has increased to match the costs at some less expensive noncam-
pus meeting sites. In addition, it would seem that proposals from cam-
pus-based groups to host meetings are now infrequent, perhaps because 
fewer universities have the critical mass of parasitologists needed to 
form the local arrangements committee. So, although our committee 
believes that campus-hosted meetings could be quite successful, we 
anticipate that few such meeting proposals will be forthcoming. One 
committee member suggested that ASP should consider providing fi-
nancial incentives to local meeting hosts, given the enormous amount 
of work involved. However, if ASP must plan for more noncampus 
based meetings, then we propose that good regional representation in 
combination with easy access (e.g., cities served by airport hubs) and 
the attractiveness of the location (i.e., nonmeeting activities that might 
be of interest to our members) should be given special consideration 
because such sites may increase regional participation and facilitate at-
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tendance from the general membership due to reduced travel costs. Ac-
cording to a recent survey, our membership also favors having more 
joint meetings with other societies. In consideration of the growing base 
of ASP members who are involved in ecology, systematics, and evo-
lution (results of the ASP membership survey reported by Tim Yoshino 
in his 2006 Presidential Address), it was suggested that ASP should 
consider groups such as the Society for Integrative and Comparative 
Biology or the Wildlife Disease Association for possible joint meetings. 
The second issue that our committee discussed are proposals that 
have been developed, both in the past and more recently, to expand the 
Society by increasing participation of non-U.S. parasitologists. This is-
sue is especially timely given our 2007 meeting with the Mexican So-
ciety of Parasitologists. Members of the committee agreed that we 
should engage in outreach to our geographic neighbors (Canada and 
Mexico in particular) with the goal of increasing participation in meet-
ings and membership in the Society. Given our previous discussions 
about meeting locations, it was noted that venues that are conducive to 
participation of non-U.S. scientists (e.g., the 2008 meeting in Arlington, 
Texas) should also be balanced during meeting site selection. It was 
suggested that affiliate status for these groups is appropriate and might 
be of value to the Mexican Society of Parasitologists and the Parasi-
tology Section of the Canadian Society of Zoologists. However, such 
an affiliation should be pursued only if it reflects interests of the mem-
bership or leadership of these groups. Notably, there was objection to 
considering changes that might impact on the identity of ASP (e.g., 
changing the name of the society or the journal), the organizational 
structure of the society (e.g., redefining at-large council membership to 
mandate non-U.S. members), or potentially jeopardize the financial 
standing of ASP. 
K. ASP-PAN: Public Advocacy Network Committee 
Larry S. Roberts (Chair, 08), Bruce Christensen (07), Robin Overstreet 
(07), George Cain (ex officio), John Janovy, Jr. (ex officio). 
Several informational notices have been distributed to members of 
the Society. 
L. Honorary Members and Distinguished Members Emeriti 
Committee 
John T. Sullivan (Chair, 06), William E Font (06), Larry S. Roberts 
(06). 
There were no nominees and no selections for Honorary Members 
and Distinguished Members this year. 
M. Industrial Liaison Committee 
David S. Lindsay (Chair, 07), Tom Kennedy (06), Tim Geary (07), 
Byron L. Blagburn (08), Sarah Marley (08). • 
Input from the committee was solicited on several occasions. The 
response was less than anticipated by the chair. Drs. Kayes (ASP Pres-
ident) and Dr. Lindsay and Dr. Blagburn have identified a topic "Re-
sistance to insecticides used on small animals." This symposium has 
potential interest by several sponsors, and it would not compete with 
the nematode resistance symposium presently planned. We are also hop-
ing to obtain financial commitment for the, year but have the actual 
symposium next year. This all needs to be worked out. I am looking 
forward to the committee's comments on the insecticide resistance sug-
gestions. 
N. Membership Committee 
Mike Moser (Chair, 10), Hilary Hurd (07), Sharon Patton (07), Judy 
Sakanari (08), Charles Criscione (09), Walter Boeger (adjunct), Wilma 
A. Starke-Buzetti (adjunct), Dele Ogunremi (adjunct), Fernando Anaya 
Velazquez (adjunct). 
1. We would like to encourage local parasitology groups to let stu-
dents join free. Their dues are usually minimal anyway. Instead, they 
would need to join the ASP. We believe that the long-term benefits for 
the students and ASP would outweigh the annual dues collected by their 
local chapter. (The Northern California Parasitologist has adopted this 
policy.) 
2. We all probably belong to or attend nonparasitological societies. 
We would like our nonparasitologist colleagues to think of ASP when 
they have questions about parasites and parasitology, offering related 
jobs, looking for collaborators, publishing possibilities, etc. One means 
of doing this is to have the ASP Web page as a link on their Web page. 
We would contact these societies and offer to reciprocate by putting 
their sites on our page. Currently, we have other parasitological-related 
societies on our Web links. An additional link would be established for 
nonparasitology societies. 
3. States that have listed parasitology as a "recommended" instead 
of a "required" for the licensing of lab techs have seen a drop in 
schools offering parasitology courses. We would like ASP members to 
contact the agency in their area responsible and encourage them to 
require parasitology on the State Board exams. 
4. We will continue to contact nonmembers submitting articles to the 
Journal and remind them of the advantages of membership. 
We have had a couple of projects that were not very productive. We 
have tried to contact foreign societies, especially in Latin countries, 
without much response (e.g., Mexico, Sociedad Mexicana de Parasito-
logfa; Spain, Spanish Society of Tropical Medicine and International 
Health; Latin America, Federacion Latino Americana de Parasitologos). 
It was difficult to identify a person/committee to contact. We hope that 
during the meeting in Merida we can establish these contacts. We also 
contacted programs at academic institutes that focus on undergraduate 
minorities in science (e.g., UC Berkeley, Stanford, UC Los Angeles, 
and UC Irvine). The rationale was that we are actively working to make 
ASP as diverse as possible and that these students may be interested in 
serving the needs of developing countries. Unfortunately, these under-
graduates did not seemed interested in becoming associated with any 
society that was not directly related to practical experience that would 
help them gain acceptance into a medically related graduate program. 
We believe that this experience stresses the importance of having par-
asitology taught to undergraduate biology students to expose them to 
the opportunities in our field. Ideally, internships which would give 
practical experience could be linked to these undergraduate courses. 
III. REPORTS OF AD HOC COMMITTEES 
A. Information and Technology Committee 
Scott Gardner (Chair), John Barta, Gerald Esch, Agustin Jimenez-Ruiz, 
Mark Siddall. 
No report as of publication date. 
B. Parasitology Literature to Foreign Scientists Committee 
Dele Ogunremi (Chair), Jerry Esch, Thomas Letonja, Jemej Logar, Ben 
Rosenthal. 
The Ad Hoc Committee on Parasitology Literature to Foreign Sci-
entists is able to report that previously identified scientists in a number 
of countries in the developing world continue to receive free issues of 
the Journal of Parasitology, courtesy of the American Society of Par-
asitologists. In the new year, fresh initiatives will be explored to see 
how the Society can best contribute to research efforts in parasitology 
in the developing world through the provision of literature. 
C. Auction Committee 
Lee Couch (CO-~Kelli Sapp (Co-Chair), Ann Adams, Zaineb Al-
Dahwai, Jack Bristol, Janine Caira, Lil Mayberry, John Oaks, Richard 
Seed. 
The 2006 meeting was held jointly with the British Society of Par-
asitologists and the ICOPA X in Glasgow, Scotland; but because of 
distance and a predicted low attendance of ASP members, the ASP did 
not host an auction. The ASP Ad Hoc Auction Committee still contin-
ues to function, though, and has planned another splendid event with 
the Mexican Society of Parasitologists for the joint 2007 ASP-SMP 
meeting in Merida, Mexico. We thank the many individuals who have 
contributed and continue to contribute their time, auction items, or mon-
ey to the event. 
D. Bylaws and Officer's Handbook Committee 
Sharon Patton (Chair), Lillian Mayberry, John Oaks, Austin MacInnis, 
Richard Seed, George Cain (ex officio), John Janovy, Jr. (ex officio). 
There is no activity to report. 
E. Journal of Parasitology Committee 
Richard Seed (Chair), Janine Caira, Bill Campbell, Herman Eure, David 
Lindsay, John Oaks, Judy Sakanari. Ex-officio members: Gerald Esch, 
Steve Kayes, Timothy Yoshino. 
This is the final report of the 2006-2007 Ad Hoc Committee on the 
Journal of Parasitology to the ASP Council. In the original charge to 
this Committee, we were asked to examine the Journal of Parasitolo-
gy's Impact Factor (IF) rating, and to suggest possible ways to improve 
this IF rating. Therefore, one specific charge (I) was to determine 
whether the Research Notes (or short reports) should be eliminated from 
the Journal. A second charge (II) was to look at all possible methods 
that might be used to improve the quality of the Journal and its IF 
rating. As part of the Committee's deliberations, it became obvious that 
a third charge (III) would be to examine the business proposal submitted 
to the Society by Allen Press and to make recommendations concerning 
this proposal to the ASP Council. We have completed our discussion 
on charges I and II concerning the publication of Research Notes in the 
Journal and methods to improve the quality of the Journal. All rec-
ommendations were approved by a majority of the Committee, and they 
were also discussed with Dr. Esch, the Editor of the Journal of Para-
sitology. Where appropriate, several of our recommendations were also 
discussed with Dr. Gardner, Editor of the ASP Newsletter. Our recom-
mendations are listed below. 
Charge I: Should Research Notes (or short reports) be published in the 
Journal of Parasitology? (1) It is recommended that Research Notes con-
tinue to be published in the Journal of Parasitology. The elimination or 
publication in a separate journal or in the ASP Newsletter is not recom-
mended. There is no clear evidence that their elimination would signifi-
cantly improve the Journal's IF rating. It is also the Committee's belief that 
Research Notes have an important place in the parasitological literature. (2) 
It is, however, recommended that the Editor of the Journal of Parasitology 
clearly define what a Research Note is and its scientific purpose to the 
Journal's readership in an Editor's note. (3) Finally, it is recommended that 
Research Notes should be evaluated and reviewed using the same scientific 
criteria that are used to judge a full-length paper. 
Charge II: Suggest methods to improve the quality (IF rating) of the 
Journal of Parasitology. Our recommendations include three separate 
issues: (1) manuscript turnaround time, (2) expanded topics for publi-
cation in the Journal of Parasitology, and (3) regular publication of an 
Editor's column. 
(1) Manuscript turnaround time 
(a) Currently, reviewers of manuscripts for the Journal are given 2 
mo to complete their review. In the Committee's opinion, this is too 
long and should be reduced immediately to 1 mo and hopefully in the 
future to 2 wk. This is consistent with the time given for reviewers to 
complete their reviews by other parasitological journals. This decreased 
time for reviewing manuscripts would significantly decrease the Journal 
of Parasitology's turnaround time. 
(b) It is also recommended that the Editor report yearly in both the 
Journal of Parasitology and in the ASP Newsletter the turnaround time 
for manuscripts published in the Journal. The rationale for this rec-
ommendation is that the Committee does not believe that ASP members 
know the Journal's current turnaround time. Several of us learned from 
our surveys that manuscripts were being sent to other parasitological 
journals because the authors believed that there was a 2-yr turnaround 
time for papers sent to the Journal of Parasitology, which is absolutely 
untrue. 
(2) Expanded topics for publication in the Journal of Parasitology 
(a) The Committee recommends that the Editor of the Journal of 
Parasitology publish a greater number of short review papers on hot 
topics; critical comment papers and rebuttals; and reviews of classic 
papers, including, where appropriate, classic papers that were not pub-
lished in the Journal of Parasitology. It is believed by the Committee 
that these types of articles will greatly increase the readership of the 
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Journal and its IF rating. It should be noted that the Committee does 
not recommend the publication of symposia in the Journal. 
(b) The Committee recommends that the Editor appoint a full-time 
Associate Editor to review and seek out these types of articles. To be 
successful, this individual will have to work closely with the Editor and 
the Editorial Board and devote a substantial amount of time and energy 
to this responsibility. 
(3) Regular publication of an Editor's column 
The Committee also recommends the establishment of a regular Ed-
itor's column in the Journal of Parasitology. The Committee believes 
that many members of ASP (and others outside of ASP) do not know 
the current IF rating of the Journal, its very low page charges, or the 
manuscript turnaround time in reference to other parasitological journals. 
(a) Therefore, to better inform the scientific community concerning 
these and other issues, it is recommended that the Editor develop a 
regular Editor's column to discuss these and other potential topics of 
interest to the members. The Editor's column should be published in 
the Journal of Parasitology and in the ASP Newsletter. The Editor's 
column could also discuss editorial policies concerning the definition 
of Research Notes, etc. It could also include abstracts of hot topic ar-
ticles that appear in the Journal and in future issues. Several journals 
known to Committee members are now including a brief abstract of 
hot-topic papers selected from each issue by the Editor. These abstracts 
are published at the beginning of each issue. Again, it is also recom-
mended that policy issues and hot-topic papers should be included in 
articles prepared for the ASP Newsletter. 
(b) It is also recommended that when the Editor believes that a really 
important paper is to be published that a press release be prepared and 
submitted to both the local and national media. 
The Committee believes that all of the recommendations will improve 
the scientific quality of the Journal (and also its IF rating) and that they 
can be implemented immediately by the Editor of the Journal of Par-
asitology. 
Charge III: To make recommendations concerning the ACG business 
proposal submitted to ASP by Allen Press. 
On 'fuesday 3 April, a subcommittee of the Ad Hoc Committee on 
the Journal of Parasitology consisting of Drs. Jerry Esch (an ex officio 
member), Herman Eure, and Dick Seed met with Shelby Rogers, the 
sales representative for Allen Press. We discussed the ACG proposal 
for approximately 5 hr, and we were very pleased with our discussion. 
It was a very profitable day. At present, Allen Press is revising the 
proposal, and we are waiting to receive the revised new proposal that 
should be available by 18 May. Once the new proposal is received, it 
will be forwarded to the Committee for full review and comments. 
However, it is obvious that time will not permit final recommendations 
concerning Charge III to be included in the present report. Hopefully, 
a more complete discussion on this topic can be presented to Council 
at the Annual Meeting in Merida. However, in the next few paragraphs 
mention will be made of some important issues that were discussed at 
the 3 April meeting and by other Committee members. 
(l) First, it was our belief that the Committee should recommend to 
Council that if the ACG proposal is approved, that Council appoint a 
standing Committee to act as the liaison between the Society and Allen 
Press (ACG). The reason for this recommendation is that there will be 
a number of issues that Council and ASP will have to approve before 
Allen Press can initiate their management plans. For example, market-
ing strategies will have to be discussed; decisions must be made con-
cerning advertising and other organizations that wish to make business 
agreements with ASP. It is also recommended that the Society's Sec-
retary-Treasurer be a member of this Committee. 
(2) Second, based upon our discussions with Shelby Rogers, it was 
clearly stated that all scientific decisions, i.e., quality, format, editorial 
policies, etc., concerning the Journal would remain in the control of 
ASP and the Editor's office. In addition, business decisions would be 
made only after consultation with ASP. For example, ASP (the above-
mentioned Committee) would receive recommendations from ACG that 
could then be considered by Council. 
(3) The subcommittee believed that the Ad Hoc Committee should 
recommend to Council that the $25,000 listed as an editorial stipend in 
the ACG Proposal be restricted for use by the Editor and the editorial 
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office. In addition, it was recommended to Shelby that there be some 
incremental increase in the stipend to cover annual inflation. 
(4) Other items discussed were as follows: 
(a) That the number of text pages printed per year be increased to 
1,600. This would allow for some of the current backlog to be elimi-
nated. 
(b) That the quality of photos printed in the Journal remain the same 
high quality. It was also mentioned that the cost of reprint copies would 
be the decision of the authors (PDF or hard copies, and that both low-
and high-quality versions would be made available to the author. Dif-
ferences in quality would have a cost differential to the author). 
(c) That the Journal remain a part of BioOne. Currently, the Society 
receives funds by being part of BioOne. According to Shelby, mem-
bership in BioTwo is not nearly as profitable, and BioTwo may not even 
be viable in the future. However, if BioTwo should become successful 
in the future, ACG would advise ASP on the merits of joining BioTwo. 
This decision would remain in the hands of ASP. 
(d) The subcommittee would suggest that because electronic publi-
cation will dramatically decrease manuscript turnaround time that the 
ASP's recognized publication date for any manuscript be the date of 
acceptance by the Editor and not according to the Journal's publication 
date. Once accepted, the manuscript will immediately appear as an elec-
tronic version of the Journal. 
(e) The subcommittee would recommend that if the ACG proposal 
is accepted by the Society, the ACG should handle all negotiations with 
other firms, i.e., Thomson Gale, etc. As Shelby noted, this would in-
crease the leverage that ACG has in negotiating agreements on our 
behalf with other firms. Any such negotiations would, however, be done 
in consultation with the Committee mentioned in Item 1. 
(f) Copyright of the Journal (as well as the Society'S logo) would 
remain with ASp, not ACG. 
(g) The subcommittee recommended to Shelby that the cost of online 
access and the printed edition of the Journal remain the same for in-
ternational members as for U.S. members. The rationale for this rec-
ommendation is that the Society has made considerable efforts to obtain 
and retain international members, and this must continue as a priority 
in recruiting new members of the Society. 
In addition to the above-mentioned specific items discussed, we also 
asked Shelby to acquire for the Committee some financial comparison 
data regarding the costibenefits of ACG versus the way in which the 
Journal is currently managed. We also requested that we obtain infor-
mation on ACG's success in proactive marketing of other journals they 
currently handled. The subcommittee wanted ACG to provide some 
assurances before acceptance of their proposal that ASP would have 
increased financial and other benefits over our current practices. As 
noted, the revised ACG proposal and answers to our questions will not 
be received until 18 May. Once the proposal and comments to our 
questions are received, the new proposal will be forwarded to the Com-
mittee for review and comments. Hopefully, this will be accomplished 
before the ASP Council meeting in Merida. It should also be noted that 
we recommended to Shelby that she attend the ASP meeting in Merida 
and be available to Council to answer any questions that the Committee 
and Council members might have. 
F. Strategic Planning Committee 
Tim Yoshino (Chair), Dennis Minchella, Steve Kayes, Steve Nadler, 
Cynthia Chappell, Mark Siddall, Michelle Steinauer. 
General introduction: The following is the final report of the ASP 
SPC that addresses a number of important issues facing the ASP today, 
especially our declining membership, and offers possible approaches 
for their resolution. The SPC was convened in January 2006 after the 
receipt and collation of information gathered from an ASP Member 
Survey (data available through Secretary-Treasurer's office) distributed 
in spring 2005. Although the number of surveys returned for analysis 
was low (~15%), the information was still valuable in helping the SPC 
to focus on critical issues such as membership, member retention, ASP 
meetings, and Journal of Parasitology. This report is an attempt to 
capture not only the deliberations of our SPC but also discussions of 
these issues that I, and other committee members, had with the mem-
bership as a whole. Aspects of this report were presented as part of the 
ASP Presidential Address at the joint ASP-BSP-ICOPA meeting in Au-
gust 2006 (Yoshino, J. Parasitol., 92: 1129-1134, 2006). 
Current landscape facing the ASP: Colleges and universities previ-
ously supporting parasitology faculty positions are no longer seeking 
parasitologists as these positions become available for replacement. In 
part, this is because in many states (e.g., California, Oklahoma, Wis-
consin) allied health programs such as med tech, lab tech, nursing, etc., 
no longer are requiring parasitology as part of their curriculum. Another 
reason is simply that, given an open faculty position, other disciplines 
such as molecular biology, evolution, bioinformatics, etc., have taken 
priority. Conversely, many of our members have gotten (are getting) 
quality academic positions, although most are not "parasitology" po-
sitions and are in smaller colleges or universities. So, we continue to 
produce diversely trained, excellent students who are competing well 
for these jobs. They also continue to teach "parasitology" as part of 
their job, which means that undergraduate students continue to be ex-
posed to the discipline. 
Because of the popularity of parasitology, mainly parasites of medical 
and veterinary importance, we are in a very competitive environment 
when it comes to new members. Many researchers use parasites as 
models or subjects in their studies, but don't consider themselves pri-
marily parasitologists (and most aren't). Students who may start out in 
ASP don't continue on for a number of reasons: they leave the field, 
they join "non-ASP" labs, they are not encouraged to keep up mem-
bership, etc. Within this landscape, the ASP faces various challenges of 
attracting and retaining members, and creating a professionally and per-
sonally attractive niche for our members, especially graduate students 
and younger postgraduate members. Here are some of the issues we 
have identified that need addressing. 
Issue I-Declining membership: Reasons for the decline evidently 
include the following. 
(a) We are getting older as a society (can't do much about this). 
(b) Fewer younger members are joining and young members are not 
being retained. Why aren't younger students (undergrad and graduate 
students, postdocs) joining? Most undergrads or grad students that are 
regional members are not ASP members. Many undergrads are lost 
because they may already have career plans (med school, vet school), 
whereas others haven't really considered parasitology as a "career 
path." This is also true for most of the undergrads who work in our 
labs during the summers or school year. 
Are undergrads a group worth targeting? If so, what can or should 
be done to encourage undergrads to continue with parasitology (i.e., 
more than we already are doing within our regional meetings; see re-
gional meetings below)? This is more of an open-ended question. Per-
haps undergrads are too transient and undecided as to longer term career 
goals, so they should not be a focus of recruitment efforts. Alternatively, 
they represent ASP's future generation, so efforts should be made to 
start "indoctrinating" them early as parasitologists. Some regional so-
cieties (e.g., AMCOP) have specific "best student presentation" awards 
for undergrads as special recognition. Should such awards be expanded, 
encouraged, or both? How cost-effective are such awards? Clearly, 
graduate students and postdocs are critically important groups when it 
comes to new members. In part, their participation involves economics 
and receiving value for the buck. .. at least there is a perception that 
joining the ASP is expensive, there is little to be gained by joining, or both. 
Recognizing that these are very important groups for the ASp, what 
can/should be done to encourage grad student and postdoc membership? 
Much is already being done to lower costs of membership, e.g., our 
new student 3-yr startup membership for $52.50 (half the regular stu-
dent cost of $35/yr). Should this policy be made available to all student 
members (not just new entries)? We could better advertise the benefits 
of membership (Membership Committee's new member brochure lays 
this out nicely, but this needs to be aggressively distributed and adver-
tised). The Northern Cal Parasitologists now require their students to 
join ASp, but then automatically become a member of the NCP for free. 
Should we encourage adoption of a similar requirement by all regional 
affi liates? 
We could also encourage regional graduate student members to be-
come ASP members by continuing to provide monetary incentives (e.g., 
more travel grants; research grants), make sure our regular ASP mem-
bers attend regional meetings to stimulate interactions with students, 
and invite students to participate in national ASP meetings and activi-
ties. We are doing some of this. but need to do more. 
Once they join. why do younger ASP members drop memberships 
before 4-5 yr? Perhaps they follow the money as postdocs. i.e .• take 
postdocs in well-funded labs, or join other research groups such ecol-
ogy, mammalogy, immunology, etc., whose primary interactions are not 
with ASP (parasites as models or subjects only). They also may believe 
that ASP membership is not going to provide the visibility or network-
ing that will translate into better job opportunities. Or, they may believe 
that ASP and the research being presented are not "cutting edge." Fi-
nally, their major professors may not encourage their students to make 
ASP their first commitment (it's our fault?). 
So, how can we encourage our grad students to continue member-
ship? Ideas include reduced rate membership after graduation, accom-
plished by creating a "postdoctoral" category extending reduced mem-
bership rates for 3 yr after graduation. (This idea was approved by ASP 
Council at the August 2006 ASP Annual Meeting.) We could also be 
more proactive in career development with website improvements such 
as an active job board or CV posting service. We could also create a 
"no journal" membership option, or less expensive online subscription 
membership option. Finally, we could have more joint meetings at the 
regional and national levels. 
(c) We are becoming narrower in the disciplines represented by the 
society, as evidenced by the recent survey data, by publications in the 
Journal and presentations at the national and regional meetings. Is this 
a cause or effect? That is, is this one of the drivers of our declining 
membership, or the result of our membership decline, or both? Regard-
less, this raises the following questions: Is this something we should 
embrace and go with the natural trend, i.e., consider the areas of ecol-
ogy, systematics, evolution, taxonomy our "core" and build on these? 
Or should we try to continue to represent the breadth of parasitology 
and push for and invest in expansion of the "suborganismal" disciplines 
by investing in these areas? Some of you felt that we should let "natural 
selection" dictate the disciplinary composition of ASP. 
Thus our potential actions include investing in our "core" areas 
(ecology, systematics, evolution) to strengthen our "field parasitology" 
components and increase their recognition/visibility (go with our 
strengths). We also should try to encourage more exposure to under-
represented disciplines perhaps by supporting a symposium each year 
or supporting more student travel in these disciplines (e.g., with ear-
marked special travel awards at regional meetings). 
(d) A small and active part of our membership work in government 
labs, but some feedback we have gotten is that they may not be as 
appreciated as "academics" seem to be. For example, they don't usually 
have grad students, and many of our benefits are student oriented. How 
can these members be used in their unique positions in government (or 
industry) to be more effective in helping our member base, and how 
can the ASP facilitate their activities? Possible actions could include a 
special travel award category for junior nonacademic employees. 
(e) We need to become more visible to our nonparasitology colleagues 
and the general public, perhaps by constituting a new Public Relations 
Committee or designate one of our standing committees to be responsible 
for publicizing ASP member activities, parasite news, etc. The CSSP asked 
each society to write up 2 articles highlighting interesting or important work 
our members are doing, and the CSSP will pitch them to news outlets. We 
could reinvigorate and publicize "National Parasite Day" (4 March), en-
courage more participation in local outre!!:c;h to schools and civic organi-
zations, advertise the availability of (or reauthorize funding for) the ASP 
speakers' bureau, and publicize our national meetings in the local news 
media (Public Relations Committee). 
Issue 2-Participation in ASP meetings: According to survey data, 
compared with the total membership, a relatively low number, espe-
cially younger members, participate in annual meetings. Reasons in-
clude economics; meetings seem to be too expensive. Also, given choic-
es, ASP meetings are not the primary meeting members attend. Many 
older members attend ASP meetings because of tradition and social 
interactions, whereas younger members have not developed these "in-
centives." The scientific programs may not be relevant to some disci-
plines or these disciplines are poorly represented at meetings. For youn-
ger members, job networking may be either nonexistent or not produc-
tive, and job opportunities (postdocs) are not as available as at other 
meetings. 
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As actions, we recommend that the Site-Selection Committee start choos-
ing ASP meeting locations at less expensive venues (e.g., university and 
college campuses). A majority of our academic members teach parasitol-
ogy, even though many were not hired into "parasitology" positions. This 
situation is clearly one of the strengths of our membership and an area of 
high interest. How could we exploit this to increase our "value added" to 
meetings? Ideas include workshops and symposia on specific aspects of 
teaching parasitology, organization and support of multiple symposia on 
current or cutting-edge topics as major meeting attractions, parallel work-
shops or demos on "cool" parasites with local school teachers or other 
interested public groups, offering continuing education credit for parallel 
courses for educators, and extending lower meeting registration rates to 
postdocs. Several members felt that the cost, including logistical problems 
of organizing, outweighed the potential benefits of joint meetings. However, 
the survey support for joint meetings was somewhat dependent on whom 
we meet with. Others felt just the opposite. 
Optional actions include deciding whether to hold joint meetings with 
other societies. For mainly economic reasons, we could partner with 
other societies to hold meetings at the same time and location (share 
expenses), but with entirely separate programs. We also could record 
and Web-cast parts of meetings on a pay-per-view basis or on CD for 
later viewing. These parts might include special symposia, ASP awardee 
addresses, or specific paper sessions. This service could also be offered 
to other societies. Downsides might be lower member travel to meetings 
and the auction may suffer. 
Issue 3-Participation in regional meetings: Of the 8 regional soci-
eties, 2 (New Jersey Society and Southern California Society) have gone 
inactive, have disbanded, or both, whereas recent communication with 
the Rocky Mountain Society indicates that they have not had great 
participation in the recent past. Some regional meetings this year were 
not particularly well attended, although attendance tended to be some-
what location dependent. Another concern is that, even though 60-70% 
of full affiliate members are also full ASP members, only about 20% 
of student affiliate members are student ASP members. This latter point 
could also represent a great opportunity and highlights the critical im-
portance of regional ASP affiliates as a potential "feeder" system into 
the national society. Therefore, targeting regional societies for devel-
opment, nurturing and expansion could pay dividends to the ASP in 
terms of new, loyal members. Some ideas on how this might be accom-
plished have already been mentioned. 
Recommended actions include getting the cost of ASP meetings 
down, so regional members feel like it is worth shelling out to attending 
(and taking advantage of) the national meeting. Also, when having a 
national meeting within a particular region, we could invite members 
of that region to actively participate in the program. We should develop 
incentive programs to recruit new ASP members. Mike Moser's idea of 
ASP membership for students joining the Northern California Parasi-
tologists (which would include free NCP membership) is novel. ASP 
could sponsor a yearly new member drive among regional societies with 
a financial award. We could have the ASP President contact the regional 
leadership each year for suggestions of names of their members who 
might be willing to serve on ASP committees. Finally, we could provide 
yearly, no-strings-attached stipend to each regional for them to use as 
a meeting enhancer such as bringing in a special speaker, having a 
student function, or conducting other appropriate society activity. 
'Issue 4--Journal of Parasitology (JP): In terms of production and dis-
semination, JP has gone through a number of positive changes, and the 
proposal by ACG to oversee management, copy editing, production, busi-
ness aspects, etc., currently being considered for adoption by the ASP mem-
bership, promises to continue improvements in the quality of the Journal. 
The question for us is how can the journal be increased in its prestige and 
visibility to become the top "broad-based" parasitology journal? 
Potential actions include re-evaluating the Journal's subject catego-
ries; removing or revamping the Research Notes section so as to im-
prove the Journal's impact factor; providing optional online-only sub-
scriptions for members at reduced rate; using the "fast-track system" 
system for manuscript acceptance more aggressively to promote high-
quality submissions; and encouraging, perhaps by targeted solicitation, 
increased submissions in both "core" and underrepresented disciplines. 
The Membership Committee has been working on ways to increase our 
international readership by soliciting foreign authors who submit to JP. 
Perhaps the "consortium" membership program can be expanded. 
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IV. REPORTS OF AFFILIATE SOCIETIES 
A. Annual Midwestern Conference of Parasitologists 
Submitted by Douglas Woodmansee, Secretary-Treasurer, AMCOP. 
The 59th Annual Midwestern Conference of Parasitologists was held 
14-16 June 2007 at the University of Wisconsin-Oshkosh in Oshkosh, 
Wisconsin. A total of 61 persons registered for the conference. Dr. Jason 
Curtis of Purdue University-North Central was Presiding Officer, and 
Dr. Michelle Michalski the University of Wisconsin-Oshkosh made lo-
cal arrangements and served as Program Officer. Dr. John Koker, Dean 
of the College of Letters and Sciences, provided welcoming remarks. 
Twenty-three platform presentations and 10 posters were presented by 
members. The C. A. Herrick Award and $300 for outstanding poster 
was awarded to Christine Hsiao of the University of Iowa for her poster 
on "The major surface protease (MSP) in the obligate intracellular 
amastigote form of Leishmania chagasi." The G. R. LaRue Award and 
$300 for outstanding platform presentation was awarded to Sriveny 
Dangoudoubiyam of Purdue University for her talk on "A PCR assay 
for detection of Baylisascaris procyonis eggs and larvae." Emily Dou-
cette of Truman State University received the R. M. Cable undergrad-
uate award and $100 for her oral presentation on "Assessment of the 
effectiveness of a model program if piperazine distribution on childhood 
malnutrition in rural Haiti." Honorable mention awards and $100 were 
given to Peter Ziniel of Illinois State University for the poster "The 
role of HMG-CoA synthase in Shistosoma mansoni and the search for 
possible inhibitors to this enzyme" and to Nathan Peterson of the Uni-
versity of Wisconsin-Madison for his talk on "Differential expression 
of beta 1,3/4 galactosyltransferases: a possible mechanism of differen-
tial glycotope expression in Schistosoma mansoni." Sriveny Dangou-
doubiyam was chosen as the AMCOP nominee for the American So-
ciety of Parasitologists student travel grant award for 2008. 
The symposium on Friday afternoon was presented by Dr. Gary Weil 
of Washington University School of Medicine who spoke on "Research 
for elimination of lymphatic filariasis: Egyptian endgame" and Dr. Peter 
Fischer whose presentation was "Lateral gene transfer of Wolbachia 
endobacteria to the nuclear genome of filarial parasites." The banquet 
speaker was Dr. David Williams of Illinois State University who spoke 
on "The genomics revolution in parasitology." 
There was spirited bidding on a variety of texts, reprints, and other 
items at the silent auction. A highly successful T-shirt sale was con-
ducted thanks to the efforts of Shelly Michalski and her husband. The 
shirt had a global warming/tropical disease theme. 
AMCOP 60 will be held in June 2008 at University of Illinois Col-
lege of Veterinary Medicine. Additional future meeting sites as deter-
mined by the meeting sites committee are as follows: 
AMCOP 61-2009: Ohio Wesleyan University, Delaware, Ohio 
AMCOP 62-2010: Western Illinois University, Macomb, IllinoiS 
AMCOP 63-2011: Saint Mary's College, Notre Dame, Indiana 
AMCOP 64-2012: Truman State University, Kirksville, Missouri 
At the business meeting, Secretary-Treasurer Woodmansee presented 
the minutes of AMCOP 58, and Treasurer's reports for 2006 and early 
2007. These were approved. 
After extensive discussion, the membership approved the creation of 
a new student travel awards program. The program will provide $150 
to each award winner (Herrick, LaRue, Cabfe: and Honorable Mention) 
to help defray the costs of presenting their award-winning presentation 
at another meeting. Award winners are to send proof of acceptance of 
their abstract to the other meeting to the Secretary-Treasurer who will 
then write a check for $150 to the award winner. At this time, the 
program in a pilot phase and will be re-evaluated at future meetings. 
Committee reports were received and approved as follows: Auditing 
(Milton McAllister and Trudy Aebig), Symposium (Tim Yoshino and 
David Williams), Meeting Sites (Joe Camp and Robert Sorensen), Nom-
inating (Shelly Michalski and Jeff Laursen), and Resolutions (Darwin 
Wittrock and Kevin Baldwin). 
Officers elected for 2008 were as follows: Dr. Robert Sorensen, Min-
nesota State University-Mankato as Presiding Officer, Dr. Milton Mc-
Allister of The University of Illinois College of Veterinary Medicine as 
Program Officer, and Dr. Douglas Woodmansee of Wilmington College 
as Secretary-Treasurer (2-yr term). 
B. Canadian Society of Zoologists, Parasitology Section 
Report submitted by Bernadette Ardelli, Secretary-Treasurer CSZ, Par-
asitology Section. 
The Parasitology Section of the Canadian Society of Zoologists met 
during the 46th Annual Society Meeting held at McGill University 
(Montreal, Quebec, Canada) 21-25 May 2007. The annual meeting was 
held in conjunction with the Centre for Host Parasite Interactions, an 
organization that is sponsored by the Fonds Quebecois de la Recherche 
sur la Nature et les Technologies (FQRNT). At present, the section has 
65 members, approximately one half of whom attended the meeting in 
Montreal. The Parasitology Program included 28 oral, 10 poster, and 3 
symposium presentations. 
Dr. Robert Poulin (Department of Zoology, University of Otago) was 
the 2007 recipient of the R. A. Wardle A ward. Dr. Poulin presented a 
lecture entitled "The evolution of parasite life cycles and of one man's 
career: going full circle!". 
The Parasitology Section awards the Murray Fallis Prize for the best 
student oral presentation. This year's recipient was Lorie Whitcombe 
(Department of Microbiology and Immunology, McGill University, 
Montreal, Quebec, Canada). Lorie's paper was entitled "Interferon-
gamma mediates protection against intracellular signaling alterations 
during infection with Leishmania" (Supervisor: M. Olivier). 
Drs. Gaetan Faubert and Marilyn Scott (Institute of Parasitology, Mc-
Gill University) organized the Parasitology Symposium entitled "Un-
derstanding Host-Parasite Interactions." The selected topics were (1) 
Toxoplasma gondii: some secrets of success (Dr. F. Dzierszinski, Insti-
tute of Parasitology, McGill University), (2) Evolution of malaria par-
asites under strong drug selection (Dr. T. Anderson, Department of Ge-
netics, Southwest Foundation for Biomedical Research), and (3) Para-
sites and food webs: 80 years after Charles Elton (Dr. M.Y.K. Sukhdeo, 
Department of Ecology, Evolution and Natural Resources, Rutgers, The 
State University of New Jersey). The Section gratefully acknowledges 
symposium grants from the American Society of Parasitologists and the 
Canadian Society of Zoologists. The parasitology symposium was also 
sponsored by the FQRNT Centre for Host Parasite Interactions. The 
Centre for Host-Parasite Interactions is hosted by the Institute of Par-
asitology (McGill University) and brings together researchers from 
~ithin McGill and from Universite Laval, Universite de Montral-St Hy-
acinthe, Institut Armand Frappier, Universite du Quebec a Montreal, 
and the Laboratoire de Sante Publique du Quebec. 
Our section website (http://www.biology.ualberta.ca/parasites/home. 
htm) is managed by Dr. Allan Shostak (University of Alberta). It con-
tains information about the Section, a directory of Canadian Parasitol-
ogists, minutes of the Annual General Meeting, the Annual Report of 
the Parasite Module Steering Committee, and other items of general 
interest to parasitologisrs. Please browse our website. 
The annual meeting of the Canadian Society of Zoologists is an in-
expensive, exciting, and appealing conference for parasitologists. The 
society maintains a friendly atmosphere that makes it easy to commu-
nicate with and meet other parasitologists. We welcome members of the 
American Society of Parasitologists, and we encourage those who are 
not currently members of the society to join. Membership forms are 
available on the website or from the secretary Bernadette Ardelli 
(ardellib@brandonu.ca). 
C. Helminthological Society of Washington 
Submitted by John M. Hawdon, President, The Helminthological So-
ciety of Washington, 8 May 2007. 
The Helminthological Society of Washington had an exciting year 
with the 693rd through 695th meetings held in the Washington, DC, 
area between November 2006 and May 2007. At the 693rd meeting, 
Dr. Ronald Fayer (Environmental Microbial Safety Laboratory, Agri-
cultural Research Service, U.S. Department of Agriculture) was award-
ed the 2006 Anniversary Award. Dr. Fayer has given many years of 
dedicated service to the society; holding numerous offices including 
Executive Committee Member, Vice President, and President. Dr. Fayer 
is a world-renowned scientist and authority on water-borne parasite in-
fections. We congratulate Dr. Fayer on receiving this prestigious award 
from the Society. 
The 694th meeting was held at the National Museum of Natural 
History on 16 February 2007, and it was hosted by Bill Moser. Dr. Juli 
Williams, Virginia Institute of Marine Science, College of William and 
Mary, presented spoke about "Fish leech phylogeny." Dr. Ashleigh 
Smythe, Department of Invertebrate Zoology of at the National Museum 
of Natural History, presented a talk entitled "Nematode phylogeny: 
insights from free-living marine taxa." Finally, Dr. Robert Fleischer, 
Head of Genetics at the National Zoological Park, presented "A genetic 
detective story: from where and when was avian malaria and its mos-
quito vector introduced to Hawaii?". Excellent refreshments followed 
the talks for Society members who braved the bitter cold to attend. 
The 695th meeting of The Helminthological Society of Washington 
was held at George Washington University Medical Center in Washing-
ton DC, on 4 and 5 May 2007. Dr. John Hawdon hosted the meeting. 
Dr. Eric P. Hoberg, Agricultural Research Service of the USDA, pre-
sented an enlightening and thought-provoking keynote talk entitled 
"Parasites, pathogens and model archives: exploring ecosystems in dy-
namic change" on Friday evening. On Saturday morning, the Plenary 
Session and Student Presentation Competition were held. Winner of the 
Best Student Presentation Award was Xin Gao, George Washington 
University (student of John Hawdon). Xin presented a talk entitled "An-
cylostoma caninum DAF-16 binds to a conserved DNA sequence." Sec-
ond place went to Aaron Lorsong (student of John Hawdon) for his talk 
entitled "Changes in gene expression of heat shock response genes 
during hookworm (Ancylostoma caninum) activation to parasitism." 
Honorable Mention went to Dominique Rash (student of John Hawdon) 
for the paper entitled "Distribution and aggregation of hookworm in 
rural Southeast China." In addition to cash awards, the students re-
ceived a free membership to the Society. We thank them for their par-
ticipation, and we congratulate them on winning the Student Presenta-
tion awards. 
Current officers of the society are John M. Hawdon (President), Den-
nis Richardson (Vice President), William E. Moser (Immediate Past 
President), Tami Cook (Editor, Comparative Parasitology), Sherman 
Hendrix (Corresponding Secretary-Treasurer), Ashleigh Smythe (Re-
cording Secretary), and Eric P. Hoberg, Allen L. Richards, Nancy No-
ben-Trauth, and Inga Zasada (Executive Committee Members-at-Large). 
We are currently gathering nominations for a slate of officers for 2007-
2008. An e-mail to solicit nominations will be sent to the entire Hel-
minthological Society of Washington membership this summer. The 
election and installation of officers will occur at the 2007 Anniversary 
Meeting in the fall. 
We have begun planning for the celebration of the Society's Centen-
nial year in 2010. The date will be Friday 8 October 2010, 100 yr to 
the day after the first meeting, at a location in Washington, D.C., to be 
announced in the future. We are planning a 2-day meeting including an 
Anniversary Dinner and Plenary Sessions, and other events to com-
memorate our founding. Mark the date and plan to be in Washington 
for our celebration! 
Finally, we are deeply saddened to announce that Dr. Eugene C. 
Weinbach, a long-time Member of Helminthological Society of Wash-
ington member, passed away in April. • 
D. New England Association of Parasitologists 
Submitted Minutes of the Annual New England Association of Parasi-
tologists (taken by Secretary Yashodhara Dash, amended by Secretary-
Elect Jon Vermeire). 
The 14th meeting of the New England Association of Parasitologists 
was host by Dr. Andrew Campbell at Brown University on 4 November 
2006. It marked the 10th anniversary of NEAP. The scientific program 
included talks by Dr. Robert Greenberg of the Marine Biological Lab-
oratory at Woods Hole who spoke on "Novel calcium channel subunits 
in schistosomes and other platyhelminths: role in praziquantel action" 
and Dr. Paul Knopf of Brown University who spoke on "The potential 
role of complement C3d in generating B-cell activation signal 2." Dr. 
George Yap of Brown University presented a paper entitled "Auto-
phagic defense against intracellular parasites." Several other members 
of NEAP also made 15-min presentations on their current research. Dr. 
Eugenia Zavras, Treasurer, addressed the group to report on NEAP fi-
nancial business. The assembly voted to hold the 2007 meeting at Bos-
ton College. Dr. Jon Vermeire was unanimously elected as the Secretary 
of the Association. Dr. Michael Cappello reported on his creation of a 
NEAP website, being hosted on Yale server space. It was unanimously 
decided that the 2008 meeting would be held at UCONN Health Center. 
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We thank our meeting sponsor's IDEXX laboratories and our host at 
Brown University, Dr. Andrew Campbell who made this meeting pos-
sible. All are invited to attend next year's meeting at Boston College. 
For further information, please contact NEAP Secretary Dr. Jon J. Ver-
meire, Yale School of Medicine, 464 Congress Avenue, New Haven, 
CT 06510, or e-mail at jon.vermeire@yale.edu. 
E. Northern California Parasitologists 
Submitted by Kerry A. Padgett, Ph.D. 
The Northern California Parasitologists (NCP) met twice during the 
academic year 2006-2007. The I-day fall meeting was held at Univer-
sity of California-Davis on 9 December 2006. Dr. Anne Kjemtrup pre-
sented a talk entitled "Case study of parasites in public health: locally 
acquired paragonimiasis in Orange County, CA:' (presentation created 
by Dr. Michele Cheung, Orange County Health Care Agency). The 
annual spring meeting of NCP was held 21-22 April 2007 at the Mar-
coni Center, Marshall, CA. The keynote presentation was made by Dr. 
Peter Deplazes, a visiting professor from the University of Zurich, en-
titled "Wilderness in the city and zoonotic transmission of parasites." 
The Balamuth-Horen Award for an excellent oral presentation by a 
student was awarded to Debbie Ruelas of the University of San Fran-
cisco for her work entitled "Pre-approved drugs as a source for novel 
schistosomicides." A new award for a student presentation was created 
to commemorate the late Dr. Walter Carr, an enthusiastic and long-
standing member of NCP. The first recipient of the Walter Carr award 
was Daniel Rejrnanek of the University of California-Davis for his talk 
entitled "Opossums and sea otters: the Sarcocystis neurona connection." 
The spring annual meeting of NCP will meet 8-9 March 2008 at the 
Marconi Center. Persons interested in obtaining information about this 
meeting or NCP membership should contact Dr. Anne Kjemtrup at 
akjemtru@dhs.ca.gov. 
Officers of the Northern California Parasitologists are as follows: 
President: Anne Kjemtrup, D.V.M., M.P.V.M., California Department 
of Public Health 
President-Elect: Ravinder Seghal, Ph.D., California State University-
San Francisco 
Treasurer: Chindi Peavey, Ph.D., San Mateo County Mosquito Abate-
ment District 
F. Rocky Mountain Conference of Parasitologists 
Submitted by Ron Hathaway, Secretary-Treasurer. 
The 37th annual meeting of the Rocky Mountain Conference of Par-
asitologists was held at Colorado College, Colorado Springs, Colorado, 
21-23 September 2006. Eleven papers were presented at the Friday 
session, and three papers and posters were presented on Saturday morn-
ing. We were especially honored to have Dr. Ting-Bao Yang from 
Zhongshan University, Guangzhou, China, in attendance. After the Fri-
day evening banquet, our guest of honor Gerald W. Esch delivered the 
Gerald D. Schmidt Memorial Lecture. Awards for the best student pa-
pers went to Clint E. Oliver, a graduate student at the University of 
Wyoming-Casper Center, and to Samantha Tolve, an undergraduate stu-
dent at Colorado College. An award for the best poster went to Andrea 
Neill and Anna Hodd, both undergraduate students at Metropolitan State 
College, Denver. Omar M. Amin was given a Life Membership Award, 
and Gerald W. Esch was given an Honorary Membership Award in the 
RMCP. New officers for 2006-2007 are Cindy Church, President, and 
Ron Hathaway, Secretary-Treasurer. Matt Bolek is the President-Elect 
and will serve during 2007-2008. The 38th annual meeting will be held 
on the campus of Metropolitan State College, Denver in mid-September. 
G. Southeastern Society of Parasitologists 
Submitted by Sharon Patton, Secretary-Treasurer SSP. 
This year, the College of Charleston and the University of South 
Carolina-Upstate hosted the SSP Annual Meeting at the Belle Baruch 
Marine Laboratories, Georgetown, South Carolina, 11-13, April 2007. 
Drs. Isaure de Buron and Vince Connors were in charge of local ar-
rangements, and President-Elect Claire Fuller was Program Officer. Dr. 
Jenni Spencer, President, presided over the Executive Committee and 
Business meetings with assistance of Secretary-Treasurer Dr. Sharon 
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Patton. Approximately 45 people registered for the meeting that includ-
ed 31 presentations, 17 by students. Dr. Michael Yabsley, Vice Presi-
dent, and Chair of the Byrd-Dunn Student Award Committee recruited 
judges and presided over the annual Byrd-Dunn Student Paper Com-
petition. The Byrd-Dunn Award for the best student paper presented at 
the annual meeting was presented to Andrew McElwain, Middle Ten-
nessee State University, Murfreesboro, Tennessee, for his paper entitled 
"In the nose of jaws: patterns of infection of the copepod, Kroeyerina 
elongate on blue sharks." 
The Presidential Symposium on 11 April (organized by Dr. Fuller) 
included these presentations: "Avian vacuolar myelinopathy: linking 
invasive aquatic plants, a novel cyanobacterial species and an emerging 
wildlife disease" by Dr. Susan Bennett Wilde, SCDNR Department of 
Natural Resources and University of South Carolina Baruch Institute; 
"Environmental variation and its impact on parasite and host life his-
tories" by Dr. Gregory Sandland, Postdoctoral Research Associate, Pur-
due University; and "Human intervention and changing patterns of par-
asitic infection" by Dr. Charles Faulkner, University of Tennessee Col-
lege of Veterinary Medicine. Everyone enjoyed the Presidential Sym-
posium and the reception and social (including Karaoke) afterward. 
After a day of exciting papers on the 12 April, the group had free time 
to explore the station with its alligators, etc. The day ended with a book 
signing by Dr. Larry Roberts and a shrimp boil and games. 
At the Business Meeting on 13 April, the society welcomed 15 new 
full or student members. Bayer HealthCare Animal Health, the Depart-
ment of Biology, College of Charleston, and the College of Arts and 
Sciences, University of South Carolina-Upstate provided financial 
sponsorship for the annual meeting. Dr. Patton announced her intention 
to retire from the Secretary-Treasurer duties of the Society after this 
year. She loves the Society and has enjoyed the privilege of serving as 
Secretary-Treasurer for 20 yr. Officers of the Society for 2007-2008 are 
President Claire Fuller, President-Elect and Program Officer Vina Di-
derrich-Faulkner, Vice President Alexa Rosypal, Secretary-Treasurer 
Sharon Patton, and ASP Council Representative Michael Yabsley. 
In 2008, SSP will meet jointly with the Association of Southeastern 
Biologists in South Carolina on 16-19 April. Furman University and 
Wofford College will host the meeting in Spartanburg, South Carolina. 
Persons interested in submitting abstracts or obtaining other information 
about the meeting should contact Charles Faulkner at ctfaulkner@utk.edu. 
H. Southwestern Association of Parasitologists 
Submitted by Jerry L. Cook, Secretary-Treasurer. 
The 40th Annual Meeting of SWAP was held 19-21 April at the 
University of Oklahoma Biological Station. President Scott Gardner 
presided over the annual meeting, which had 59 participants, 27 oral 
presentations (18 of which were given by student members), and 3 
poster presentations. During this year's meeting, Brent Nickol was hon-
ored for his career in parasitology. Student award winners at the 2007 
meeting were Autumn Smith (David A. Becker Memorial Award), Terry· 
Haverkost (Marc H. Dresden Memorial Award), Anne Bolick (Honor-
able Mention Graduate Student), and Jodi Schreurs (Honorable Mention 
Undergraduate Student). Officers for the next year will be Agustin 
Jimenez (President), Kirsten Jensen (President-Elect), Scott Gardner 
(Past President), Tamara Cook (ASP Representative), and Jerry Cook 
(Secretary-Treasurer) . SWAP membership includes 52 regular members, 
43 student members, and 1 life member, for a total of 96 members from 
14 states. Social interactions included the :President's wine and cheese 
reception. A good time was had by all. 
I. Southern California Society of Parasitologists 
No report received as of publication date. 
V. REPORTS OF ASP REPRESENTATIVES 
A. American Association of Zoological Nomenclature 
Submitted by Eric Hoberg, ASP representative. 
President, Al Gardner (Smithsonian Institute); President-Elect, Frank 
Crandall (Smithsonian Institute); Secretary, Neal Woodman (Smithson-
ian Institute); and Treasurer, Eric Hoberg (USDA, Beltsville, Maryland). 
AAZN has no new significant activities to report this year. 
B. American Institute of Biological Sciences 
No report received as of publication date. 
C. Council of Scientific Society Presidents 
See President-Elect Report. 
D. National Council for Science and the Environment 
No report received as of agenda publication date. 
E. American Association of Veterinary Parasitologists 
Submitted by Alan A. Marchiondo, Secretary-Treasurer, AAVP. 
The 51st annual AAVP Meeting was held 15-18 July 2006 at the 
Sheraton Waikiki, Honolulu, Hawaii. The meeting attendance was ap-
proximately 125 members, students, guests, and invited speakers from 
academia, government, and industry. Eighteen corporate sponsors gen-
erously supported the meeting. The AA VP Distinguished Veterinary 
Parasitologist A ward for contributions leading to significant advance-
ments in the field of veterinary parasitology was presented to Dr. John 
W. McCall, Professor Emeritus, University of Georgia, Athens, Georgia. 
Dr. McCall was recognized for his contributions to veterinary parasi-
tology, particularly his major contributions to the treatment and control 
of canine and feline heartworm disease. As current Vice President of 
the American Heartworm Society, Dr. McCall has been actively in-
volved with filariasis research for 35 yr, and he serves as President of 
TRS Labs, Inc., Athens, Georgia. The AAVP Distinguished Service 
Award was presented to Dr. Raffaele "Raf" Roncalli, Milltown, New 
Jersey, for his support and service to AA VP. Retired from Merck & 
Co., Dr. Roncalli was twice elected President of the American Veteri-
nary Medical History Society. He serves as historian for the AA VP. The 
AAVP-Intervet Outstanding Graduate Student Award was presented to 
Sheila S. Mitchell, College of Veterinary Medicine, Virginia Tech, 
Blacksburg, Virginia. Best student paper presentation awards were giv-
en to Jeanne M. Howell (first) from Washington State University and 
Martin K. Nielsen (second) from The Royal Veterinary and Agricultural 
University, Federiksberg, Denmark. Eight AAVP sponsored Young In-
vestigator Travel Grants were awarded to students and postdocs to help 
pay a portion of their travel expenses to the meeting. Outgoing AA VP 
President, Dr. Ann R. Donoghue, was presented a plaque in recognition 
of her exceptional service to AA VP. 
Newly elected or installed officers: The officers for 2006-2007 for 
the AAVP are as follows: President, Dr. Daniel E. Snyder, Elanco An-
imal Health, Greenfield, Indiana; President Elect, Dr. David S. Lindsay, 
Virginia Tech, Blacksburg, Virginia; Vice President and Program Chair, 
Dr. Susan E. Little, Oklahoma State University, Stillwater, Oklahoma; 
Secretary-Treasurer, Dr. Alan A. Marchiondo, IVX Animal Health, Inc., 
St. Joseph, Missouri; and Past President, Dr. Ann R. Donoghue, PR 
Pharmaceuticals, Inc., Fort Collins, Colorado. 
The 52nd Annual Meeting of AAVP will be held in Washington, DC, 
14-17 July 2007. Individuals with questions about AAVP should con-
tact t!Ie Secretary-Treasurer or visit the AAVP website (www.aavp. 
org). 
F. Clinical and Laboratory Standards Institute (Formerly National 
Committee for Clinical Laboratory Standards) 
Submitted by Lynne S. Garcia, Chair and CLSI Representative to ASP 
Council; George R. Healy; Ruth Leventhal; Robert L. Edwards. 
NCCLS used to stand for National Committee for Clinical Laboratory 
Standards, but since the organization has changed its name, the orga-
nization should be referred to as Clinical and Laboratory Standards 
Institute (CLSI). CLSI is now a global organization and develops con-
sensus documents for additional audiences beyond the clinical labora-
tory community. CLSI has approximately 2,000 members and 2,000 
volunteers. Becoming a member of CLSI provides organizations with 
a valuable forum for communication. Participation in CLSI presents an 
ideal opportunity for representatives from different constituencies to 
meet, discuss issues, and to the extent possible, identify and implement 
solutions. All membership categories provide your institution with stan-
dards, guidelines, and related products at a very reasonable cost-sig-
nificantly more attractive than that available to nonmember organiza-
tions. 
During this past year, we continue to be active in CLSI as the current 
parasitology documents have recently undergone written revision. Cur-
rent documents include "Procedures for the recovery and identification 
of parasites from the intestinal tract; approved guideline, laboratory di-
agnosis of blood-borne parasitic diseases; approved guideline, and clin-
ical use and interpretation of serologic tests for Toxoplasma gondii; 
approved guideline." Currently, there are no new parasitology docu-
ments in the planning or revision stages. 
We always encourage any of the members to contact us if they have 
suggestions for future possible projects in clinical parasitology or wish 
to join the current group of participants. Our continued support for 
CLSIINCCLS continues to be very beneficial for all concerned with 
diagnostic work in clinical parasitology. 
G. American Board of Medical Microbiology 
Submitted by Lynne S. Garcia, ABMM representative to ASP Council, 
May 2007. 
The American Board of Medical Microbiology will be meeting at the 
General Meeting of the American Society for Microbiology in Toronto, 
Ontario, Canada, in May of this year. Last year, the meeting was held 
in Orlando, Florida. The current chair is Dr. Mark LaRocco and Vice 
Chair is Dr. Kimberle Chapin. 
The microbiology written examination was administered at the 2006 
ASM General Meeting. There were 46 examinees. Those who passed 
are now certified ABMM Diplomates. Based on a unanimous vote by 
the Board, per the Rules and Regulations, applicants shall have 5 yr 
from their approval date to pass the examination; if an applicant does 
not pass the examination within that time period, his or her application 
will be withdrawn. Subsequent reexamination will require a new appli-
cation. 
Two individuals sat for the oral virology exam on 20 May 2006, and 
both passed. One candidate remains in the virology oral exam pipeline; 
this oral exam will be given for the last time in 2008. 
Committee on laboratory practices: Dr. Campos reported that the 
Committee, working with similar groups from other laboratory profes-
sional societies, elicited the issuance of a new Food and Drug Admin-
istration document entitled "Guidance on informed consent for in vitro 
diagnostic device studies using leftover human specimens that are not 
individually identifiable." This document allows clinical laboratories to 
test laboratory devices by using unlabeled leftover specimens without 
having to obtain informed consent from patients. The Federal Register 
is currently encouraging comments on this guidance document tQ iden-
tify any inadequacies. 
During the past few years, we have received approximately 40 in-
quiries, all of which were forwarded to ABMMlASM for follow-up. 
We will continue providing information for anyone interested in taking 
this examination or encouraging their graduate students to do so. Also, 
anyone interested in preparing questions for the examination should 
contact me for additional information and guidelines for question prep-
aration. If you're interested in the DiploJIlate examination, the prepa-
ration of additional parasitology questions for the examination, or both, 
please contact 
Lynne S. Garcia, LSG & Associates, 512 12th Street, Santa Monica, 
California 90402-2908 (phone, 310-393-5059; Fax, 310-899-9722, 
e-mail: lynnegarcia2@adelphia.net) or The American Society for Mi-
crobiology % Peggy McNult, Manager, American Academy of Micro-
biology, American Society for Microbiology, 1752 N Street, NW, Wash-
ington, DC 20036 (phone, 202-942-9225; Fax, 202-942-9353; e-mail: 
pmcnult@asmusa.org). 
The American Board of Medical Microbiology (ABMM) was estab-
lished in 1959 under the auspices of the American Academy of Micro-
biology (AAM) to test the expertise of microbiologists seeking to direct 
public health or clinical microbiology laboratories. Board-certified Dip-
lomates are adjudged capable to direct public health and clinical micro-
biology laboratories within their specialty certification. ABMM certifi-
cation is recognized by federal and state governmental agencies as a 
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significant component toward meeting licensure requirements to direct 
laboratories engaged in the microbiological diagnosis of human disease 
and is recognized under the Clinical Laboratory Improvement Amend-
ments of 1988 final rule. The ABMM offers certification in medical and 
public health microbiology. 
ABMM candidates must demonstrate appropriate education, postdoc-
toral training, work experience, or both. Each candidate must apply 
under 1 of 2 avenues to certification, or plans. 
Education: Applicants must possess an earned Doctorate of Philos-
ophy or Doctorate of Science in microbiology or an equivalent degree 
in one of the related sciences acceptable to the Board. Other degrees 
(such as Doctor of Medicine, Doctor of Osteopathy, Doctor of Veteri-
nary Medicine, Doctor of Public Health, Doctor of Dental Medicine, or 
Doctor of Dental Surgery) may be accepted if the additional special 
training and experience of the candidate is approved by the appropriate 
Standards and Examination (S&E) Committee. 
Experience: Experience is defined as postdoctoral training, research, 
teaching, and/or laboratory experience directly relevant to the practice 
of clinical or public health microbiology and its sub specialties. Appro-
priate experience requires an ongoing relationship (as a consultant is 
acceptable) with a clinical, public health, or other microbiology labo-
ratory that includes a diagnostic service component such that the can-
didate has devoted at least 50% of his or her time to management, 
technical, and administrative activities during the 3 yr of experience. 
The final assessment of acceptable postdoctoral training and experience 
will be made by the appropriate S&E Committee. 
Postdoctoral training: Applicants applying under Plan II below 
must complete a postdoctoral training program approved by the Amer-
ican College of Microbiology's Committee on Postgraduate Educational 
Programs (CPEP) or a program that is eligible for approval. Avenues 
to Certification include 2 plans: 
Plan I: Applicants must possess an earned doctorate and complete a 
minimum of 3 yr of experience, as defined above. 
Plan II: Applicants must possess an earned doctorate and complete 2 
yr of postgraduate training in a CPEP-approved or -eligible program, 
as defined above. 
All training and experience requirements must be met after the doc-
toral degree has been awarded. Candidates may apply up to 1 yr before 
completion of all experience requirements; however, all requirements 
must be met before the examination process can begin. Eligibility is 
determined on a case-by-case basis by the S&E Committee. Once no-
tified, eligible candidates have 2 examination periods in which to begin 
the examination process. 
Examination information: Certification consists of a written exami-
nation composed of 200 multiple-choice questions. The examination 
guide can be found at the website at www.asm.orglAcademy/index. 
asp?bid=4128. The examination is administered each spring on site at 
the ASM General Meeting. Applicants who pass the examination are 
certified as Diplomates in Medical and Public Health Microbiology. 
H. The Natural Science Collections Alliance 
Submitted by Scott L. Gardner, Ph.D., NSCA Representative to ASP 
Council. 
Scott Gardner is now the Secretary of NSCA. 
I. American Type Culture Collection 
Submitted by Timothy T. Stedman, Ph.D., ATCCIMR4 representative 
to ASP CounciL 
The protistology collection at ATCC has 2,158 strains currently ac-
cessioned in its holdings, including 998 parasitic or opportunistic/com-
mensal strains, 212 algae, and 39 protostelids. The balance of the col-
lection is composed primarily of free-living nonphotosynthetic species, 
including 202 strains of Tetrahymena in the Nanney/Simon Special Col-
lection. New accessions to the collection continue to be supported 
through the National Science Foundation through grants including the 
Living Stocks Collection, which provides funding to enrich and support 
biodiversity and new species representation. Additional NSF funding to 
the collection supports accessioning of protostelids in collaboration with 
the University of Arkansas Project on global diversity of eumyceto-
zoans. Further collection support is provided to the Assembling the Tree 
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of Life (AToL) project to assist the Eukaryotic Tree of Life (EuTree) 
effort, a NSF funded multilaboratory project to understand and resolve 
phylogenetic relationships among the major branches of protists. Recent 
additions to the protistology collection include a number of Perkinsus 
spp. parasites and new strains of Trichomonas, Entamoeba, Naegleria 
and Acanthamoeba spp. 
The National Institute of Allergy and Infectious Diseases (NIAID) 
provides funding to ATCC to build and manage a repository of biode-
tense and emerging infectious diseases (BET-Resources). This collec-
tion, which requires registration for use, acquires and distributes micro-
bial pathogens, including intra- and extracellular parasitic protozoa on 
the NIAID categories ABC list of pathogens. ATCC looks to enrich 
these holdings as well as neglected disease organisms, kinetoplastids, 
and other human and nonhuman parasitic protozoa. Parasitologists can 
access the ATCC protistology collection at www.atcc.org and the 
BEI-R collection at www.beiresources.org. We encourage deposit re-
quests of both human and nonhuman parasites and protists of significant 
value to the scientific community. 
. ' 
NIAID also funds the Malaria Research and Reference Reagent Re-
source Center (MR4) through ATCC with a subcontract to the CDC 
foundation for management of mosquito vector reagents. The MR4 at 
ATCC acquires, authenticates, houses and distributes malaria research 
reagents, including more than 240 Plasmodium spp. parasite strains of 
human and nonhuman origin, more than 45 mosquito strains, and Plas-
modium and Anopheles spp. genomic DNAs, hybridomas, antibodies 
and other molecular tools for malaria research. Investigators registered 
with MR4 are entitled to standardized, quality controlled reference 
quantities of MR4 reagents for the cost of shipping. In addition to re-
pository activities, MR4 provides protocols and information through the 
MR4 website and workshop support on a variety of malaria research-
related topics. Malaria and anopheline vector researchers are strongly 
encouraged to register with MR4 to take advantage of this important 
resource to the global malaria research community and to deposit their 
reagents and strains to the collection. Information, registration, and de-
posit forms can be accessed on the Web at www.mr4.org . 
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I. CALL TO ORDER 
The business meeting was called to order by President Stephen Kayes 
at approximately 1000 hr on Monday, 25 June 2007, in Regency rooms 
3-4, Hyatt Regency hotel. The first part of the meeting was devoted to 
awards presentations and other ASP business followed. After the awards 
were presented, President Kayes thanked the membership for attending 
the meeting and for their support during the past year, announced the 
incoming officers and the nominating committee members, and thanked 
the outgoing Council Members-at-Large and outgoing nominating com-
mittee members. He also thanked companies that provided support for 
the meetings and the Coccidiosis Conference. 
II. SECRETARY-TREASURER 
John Janovy, Jr., presented the secretary-treasurer's report, including 
membership, subscription data, and cash flow data, and he indicated 
that the Society was solvent but that memberships were an ongoing 
concern. He made special mention of Business Advisory Committee 
recommendations and subsequent changes in the investment portfolio. 
He also reviewed the efforts by Allen Press to provide electronic bal-
loting and to mail paper ballots to members without e-mail addresses. 
In addition, information was given about changes to the ASP web page, 
as a result of working with Allen Press. Secretary-Treasurer Janovy 
made special mention of Beth Wilkins and her many contributions to 
the Society through handling of bank account information, investment 
data, correspondence, and some website maintenance. 
III. JOURNAL OF PARASITOLOGY EDITOR 
Gerald Esch acknowledged Vickie Hennings, his assistant, and 
thanked her for her extensive help and expertise regarding all aspects 
of the Journal of Parasitology publication. He also introduced Annie-
laurie Seifert and Shelby Rogers from Allen Press who attended the 
meeting to answer questions about the pending electronic publishing 
proposal. Richard Seed, chair of the ad hoc Journal of Parasitology 
Committee, then reviewed his committee's report, summarized the 
Council discussion, and informed the membership of the Council vote 
to accept the proposal subject to negotiation of some details. 
IV. EMINENT PARASITOLOGIST AWARD 
President Kayes present Mark Eberhard, Director of the Division of 
Parasitic Diseases, NCID, CDC, Atlanta, GA. 
V. SCIENTIFIC PROGRAM OFFICER 
Don Duszynski explained the origin of the joint SMP-ASP meeting. 
He also thanked the local organizing committee, especially the students 
who did so much of the work, and Ana Flisser, President of SMP and 
other SMP officers for their work on the meeting. He announced the 
2008 meeting in Arlington, Texas, 27-30 June, and reminded the mem-
bership that there was still no 2009 site selected, although several places 
were under consideration. Don Duszynski also reported Council action 
on President Kayes' action item regarding meetings, telling the mem-
bership that ASP will hold an annual meeting regardless of ICOPA and 
that there will be a concerted effort to make ASP meetings affordable. 
VI. CLARK P. READ MENTOR AWARD 
Ed Rowland introduced Raymond E. Kuhn as the 2007 Clark P. Read 
Mentor A ward winner. Ray Kuhn accepted his award then gave his 
acceptance speech entitled "We are scientists, but we are in the people 
business." 
VII. ASHTON CUCKLER NEW INVESTIGATOR AWARD 
Vince Connors introduced Gregory J. Sandland as the 2007 Ashton 
Cuckler New Investigator Award winner; Greg Sandland accepted the 
award graciously and thanked the Society for recognition of his work. 
VIII. WILLIS A. REID, JR., STUDENT RESEARCH 
COMPETITION AWARDS 
Lee Couch announced the 2007 Willis A. Reid, Jr., Student Research 
Competition award winners: Jamie Kopper (Ph.D. candidate with Linda 
Mansfield from Michigan State) for her proposal "Examination of the 
effect of Trichuris muris on the microbial ecology of the colon" and 
Ken Kellner (an undergraduate with Kristen Page from Wheaton Col-
lege) for his proposal "Prevalence of raccoon roundworm (Baylisas-
caris procyon is) in intermediate host populations as a function of land 
use." Neither student was in attendance. Lee Couch also acknowledged 
the 2006 Student Research Competition Award winners: John Chavez 
for his proposal "Long term parasitological assessment of wild mam-
mals at the Tumbes National Reserve, Peru"; Elizabeth Martinez-Sal-
azar for "Phylogenetic and biogeographical analysis of new species of 
Rhabdias (Nematoda: Rhabdiasidae), parasite of Leptodactylus melan-
onotus (Anura: Leptodactylydae) from Mexico"; and Nina Man G. Pi-
menta de Queiroz for "Immunohistochemical detection of Leishmania 
(L.) chagasi in the skin biopsies of dogs from Ilha Solteira-SP. Brazil." 
IX. STUDENT TRAVEL AND PAPER AWARDS 
Tamara J. Cook presented the awards. A total of $8,500 was awarded 
from the committee for Marc Dresden student travel grants, ranging 
between $200 and $400 per student. The recipients were Tavis Ander-
son, Rebecca Baldwin, Elizabeth Borda, Ana Milena Caicedo Vallejo, 
Lauren Camp, Sabrina Dahlgren, Jillian Detwiler, Juan Garcia, Eustacio 
Galileo Escobedo Gonzalez, Omar Hamarsheh, Joanna Hays, Kristin 
Herrmann, Clayton James, Barbara Katzenback, Gabriel Langford, Sta-
cey Lettini, Chad Linder, Chelsea Matisz, Joanna McPherson, Marco 
Antonio de Leon-Nava, Nicholas Negovetich, Joseph Ogedengbe, Dawn 
Roellig, Wayne Rossiter, Debbie Ruelas, Kate Sheehan, Sara Skotarek, 
Andrew Taft, Elizabeth Thiele, Anne Vardo, Marcela Esquivel Velaz-
quez, and Jose Antonio Vargas-Villavicencio. 
Tamara J. Cook also presented the student paper competition awards: 
StaGy Lettini, Rutgers University, won in the category focusing on or-
ganismic biology with her paper "The energetic cost of parasitism in 
an intermediate host"; and Anne Vardo, University of Vermont, won in 
the category focusing on molecular work with her paper "Clonal di-
versity of the malaria parasite, Plasmodium mexicanum: alterations in 
life history traits, virulence and transmission." Two honorable mentions 
were also given: Chelsea Matisz, University of Lethbridge, for her paper 
"Migration and site selection of Ornithodiplostomum ptychocheilus 
metacercariae in the optic lobes of fathead minnows"; and Kristin 
Herrmann, Minnesota State University, for her paper "Transmission dy-
namics of Cyathocotyle bushiensis (Trematoda: Cyathocotylidae) and 
Sphaeridiotrema globulus (Trematoda: Psilostomatidae) in pool 7 of the 
Upper Mississippi River National Wildlife and Fish Refuge." 
X. IN MEMORIAM 
The committee received notice of the death of Eugene C. Weinbach, 
retired parasite biochemist at the National Institutes of Health. Accord-
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ing to an obituary published in the Washington Post, Dr. Weinbach was 
a member of the American Society of Parasitologists and died on 21 
April 2007. Also reported was the death of Dr. Wilbur Bullock, retired 
faculty member at the University of New Hampshire, on 22 April 2007, 
and that of Nathan Riser, Marine Science Center, Nahant, Maine, on 26 
July 2006. Newton Kingston, retired professor emeritus at the Univer-
sity of Wyoming in Laramie, passed away on 17 January 2007. Robert 
Calentine, retired professor from the University of Wisconsin-River 
Falls, passed away on May 7, 2007. A moment of silence was held in 
memory of these individuals. 
XI. OLD BUSINESS 
President Kayes reviewed some of the Council actions, especially the 
motion for ASP to meet as a society regardless of the ICOPA schedule. 
He also mentioned formation of a committee to develop ASP-supported 
student fellowships that would allow study in the recipients' non-native 
. , 
New World country. President Kayes explained some of the changes 
Council approved in the role of the Business Liaison Committee. Fi-
nally, he expressed his appreciation for the help of ASP officers and 
his .wife, Harriette. 
XII. NEW BUSINESS 
John Janovy presented Steve Kayes with a plaque in honor of his 
service as President of ASP. President Kayes called for a Resolutions 
Committee report, and an anonymous resolution expressing great sat-
isfaction with the joint SMP-ASP meeting, the venue, and all other 
aspects of the meeting was presented by Richard Seed and read by 
President Kayes. 
XIII. CLOSING REMARKS 
President Kayes entertained a motion to adjourn. Such a motion was 
made, seconded, and passed . 
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CYTOSOLIC AND MICROSOMAL GLUTATHIONE-S-TRANSFERASES FROM BOVINE 
FILARIAL WORMS SETARIA CERVI 
Rumana Ahmad and Arvind K. Srivastava* 
Division of Biochemistry, P.O. Box No. 173, Central Drug Research Institute, Chattar Manzil Palace, Lucknow 226001, India. 
e-mail: drarv1955@yahoo.com 
ABSTRACT: The work presented here deals with the status of glutathione-S-transferase (GST; E.C. 2.5.1.18), the major enzyme 
of the phase II detoxification pathway, in bovine filarial worms Setaria cervi. GST activity was determined in various subcellular 
fractions of bovine filarial worms S. cervi (Bubalus bubalis Linn.) and was found to be mainly associated with cytosolic and 
microsomal fractions. The respective specific activities of the enzyme from cytosolic and microsomal fractions of S. cervi females 
were determined to be 0.122 ± 0.024 and 0.010 ± 0.0052 fJ..moliminlmg protein, respectively. Cytosolic enzyme was found to 
possess optimal activity between pH 6.5 and 7.5, whereas the microsomal enzyme showed a broad pH optima, centered at pH 
6.0. Kinetic studies on the cytosolic and microsomal forms of the enzyme revealed significant differences between them, thereby 
indicating that microsomal GST from S. cervi is quite distinct to the cytosolic protein catalyzing the same reaction. 
Glutathione is a major chemotherapeutic target in filarial spe-
cies; it has been proposed to constitute the antioxidant system 
responsible for the long-term existence of filarial worms in 
mammalian hosts (Callahan et aI., 1988; Brophy and Pritchard, 
1992). GSH, either alone or in combination with enzymes like 
glutathione peroxidase (GPx), glutathione-S-transferase (GST), 
and glutathione reductase (GR), protect the filarial worms from 
oxidative damage (Carlberg and Mannervik, 1985; Schirmer et 
aI., 1987; Zhang et aI., 1989; Lomaestro and Malone, 1995). 
The inhibition of enzymes involved in GSH synthesis and me-
tabolism thus deprives the parasite of its major defense against 
oxidative stress and makes them unable to survive. 
Glutathione-S-transferase(s) (GST[s]; E.C. 2.5.1.18) are ma-
jor cellular detoxification systems comprised of multifunctional 
proteins that are encoded by multigene families (Salinas and 
Wong, 1999). All GST(s), widespread among invertebrates and 
vertebrates, catalyze the conjugation of various electrophiles 
with GSH, and therefore detoxify both exogenously and endog-
enously derived toxic compounds (Wilce and Parker, 1994). 
GST(s) carry out reactions that make them critical enzymes in 
protecting against oxidative stress. There are 2 GST superfam-
ilies, 1 soluble and the other, membrane bound. The soluble 
GST(s) occur in all aerobic organisms. Although microsomal 
forms have been detected (Morgenstern and DePierre, 1988), 
an appreciable amount of GST activity has been detected in the 
cytosol. GST(s) have been intensively studied in parasitic hel-
minths, where they represent the major detoxification enzymes. 
Because other detoxifying systems are apparently downregulat-
ed or lacking, GST is central for protecting the helminth against 
host immune cell effector molecules (Brophy and Pritchard, 
1994) and is, therefore, a tempting target both for chemotherapy 
and for vaccine development. The iJwestigation embodied in 
the present study has attempted to unveil some of the important 
features of the soluble, as well as membrane bound, forms of 
this enzyme in bovine filarial worms Setaria cervi and to learn 
about its specific characteristics from both sources to obtain a 
comparative picture. 
MATERIALS AND METHODS 
Materials 
Reduced glutathione (GSH), trizma, ethylene diamine tetra-acetic 
acid (EDTA), potassium chloride (KCI) , sodium chloride (NaCl), N-
Received 13 November 2006; revised 15 February 2007; accepted 18 
April 2007. 
* To whom correspondence should be addressed. 
ethylmaleimide (NEM), ethacrynic acid (EA), bromosulphathalein, Tri-
ton-X-100, and bovine serum albumin (BSA) were purchased from Sig-
ma Chemical Co. (St. Louis, Missouri). 1-chloro-2,4-dinitrobenzene 
(CDNB), 1,2-dich10ro-4-nitrobenzene (DCNB), and 1-chloro-3-nitro-
benzene (CNB) were from Spectrochem Pvt. Ltd. (Mumbai, India). Fol-
in & Ciocalteu's phenol reagent was purchased from Sisco Research 
Laboratories (Mumbai, India). Hank's balanced salt solution (HBSS) 
was from Himedia laboratories Pvt. Ltd. (Mumbai, India). All other 
chemicals used were of analytical grade. 
Filarial worms 
In view of the practical difficulties in procuring human strains of 
Wuchereria bancrofti and Brugia malayi, the bovine filarial parasite S. 
cervi, resembling the human species in having microfilarial periodicity 
and chemotherapeutic response to known antifilarial agents, was chosen 
as a model for conducting enzymatic studies. 
Collection of filarial worms Setaria cervi 
Adult bovine filarial worms S. cervi females of average body weight 
(35 ± 5 mg) and length (6.0 ± 1.0 cm) were collected from the peri-
toneal cavity of freshly slaughtered, naturally infected water buffaloes 
Bubalus bubalis (Linn.) at a local abattoir. They were thoroughly 
washed with saline and kept in Hank's balanced salt solution with so-
dium bicarbonate and glucose (5.55 mM) for 60 min at 37 C in a 
Dubnoff metabolic shaker for complete revival before being used in 
enzymatic studies. 
Brugia malayi infection in Mastomys coucha 
For these experiments, 6-8-wk-old male Mastomys coucha were in-
oculated with infective larvae (L3) of B. malayi obtained from an ex-
perimentally infected, laboratory bred, black-eyed susceptible strain of 
Aedes aegypti mosquitoes, which were fed for 9/10 days before on 
microfilaraemic M. coucha. Each animal received 100 L3 through a 
subcutaneous route (Murthy et ai., 1983). Mastomys coucha harboring 
a 5-6-mo-old infection and showing progressive increase in microfilar-
ial count, were selected for the study. The animals were killed under 
deep anesthesia, and the parasites recovered from the peritoneal cavity. 
Preparation of GST from Setaria cervUBrugia malayi 
A 10% homogenate of S. cervi and B. malayi was prepared in 50 
mM Tris-HCI buffer, pH 7.4, containing 250 mM sucrose and 0.2 mM 
EDTA, with the use of a Potter Elvehjem glass homogenizer fitted with 
a Teflon pestle. The homogenate was centrifuged at 1,000 g for 15 min, 
10,000 g for 30 min, and subsequently at 100,000 g for 60 min, to 
obtain mitochondrial, postrnitochondrial, cytosolic, and microsomal 
fractions, respectively. 
Each fraction was dialyzed against 100 volumes of 20 mM potassium 
phosphate, pH 7.4, containing 0.2 mM EDTA, and a dialyzed prepa-
ration was used as an enzyme source. A 10% homogenate of mouse 
liver in 150 mM KCI was also prepared following the same procedure 
outlined above. 
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TABLE 1. Subcellular distribution of GST activity in mouse liver. 
Total activity* Total Specific activityt 
Fraction (I1mol/min) protein (mg) (I1mol/minlmg protein) 
Crude homogenate 144.0 ± 0.240 307.1 ± 0.452 0.469 ± 0.0021 
Mitochondrial fraction 59.6 ± 0.086 270.4 ± 0.058 0.220 ± 0.0213 
Postmitochondrial fraction 126.6 ± 0.064 235.9 ± 0.064 0.537 ± 0.0177 
Cytosolic fraction 148.1 ± 0.042 210.6 ± 0.094 0.703 ± 0.0136 
Microsomal fraction 10.56 ± 0.057 169.0 ± 0.026 0.062 ± 0.0043 
* Activity was expressed as J.Lmol S-2, 4-dinitrophenyl-GSH adduct formed/min ± SD based on experiments done in quadruplicates. 
t Specific activity was expressed as J.Lmol S-2, 4-dinitrophenyl-GSH adduct formed/min/mg protein ± SD based on experiments done in quadruplicates. 
Solubilization of GST from microsomal fraction of mouse 
liver/Setaria cervUBrugia malayi 
Microsomal fractions were obtained as described above (differential 
centrifugation of crude homogenate). Microsomal fractions obtained 
from several batches of filarial worms were pooled and washed twice 
with 150 mM KCl to remove cytosolic contamination. To solubilize 
membrane-bound GST, the microsomal fractions were suspended in 5.0 
ml of 0.25 M sucrose; 1.0 ml of 10 mM N-ethylmaleimide (NEM) in 
10 mM potassium phosphate buffer, pH 7.0, was then added dropwise 
with gentle stirring to the microsomal suspension at 4 C over the course 
of 5 min. After an additional 2 min, 2.0 m1 of 0.1 M glutathione, ad-
justed to pH 7.0 with KOH, was also added to the incubation mixture, 
which was then gently stirred for 5 min. Subsequently, 5.0 ml of 150 
mM KCl containing varying concentrations of Triton-X-lOO was added 
dropwise to the mixture. The suspension was stirred for 1 hr. Enzyme 
activity was measured in the microsomal fraction prior to treatment with 
detergent. After 1 hr of detergent treatment, the microsomal fraction 
was centrifuged at 100,000 g for 1 hr. Enzyme activity was again mea-
sured in the resultant supernatant and the residual pellet to determine 
percent solubilization. 
GST activity determination 
GST activity in various dialyzed fractions obtained as a result of 
subcellular fractionation was determined spectrophotometrically at 340 
nm according to the method of Habig et al. (1974). All reactions were 
corrected for nonenzymatic conjugation, with reaction mixtures without 
enzyme serving as controls. 
Under standard assay conditions, the reaction mixture contained 100 
mM phosphate, pH 6.5, 1.0 mM CDNB in 20 111 ethanol, 1.0 mM GSH, 
and 25 111 containing 62.50 I1g ± 0.025 enzyme protein, unless stated 
otherwise. A unit of enzyme activity was expressed as the amount "that 
catalyzes the formation of 1 I1mol S-2,4-dinitrophenyl-GSH adduct per 
min, using a molar extinction coefficient of 9.6 mM-I cm- I for CDNB. 
Protein was estimated by the method of Lowry et al. (1951) with BSA 
used as the standard. 
TABLE II. Subcellular distribution of GST 1I.ctivity in filarial worms B. 
malayi. 
Specific 
Total Total activityt 
activity* protein (I1mol/minlmg 
Fraction (I1mol/min) (mg) protein) 
Crude homogenate 1.8 45 0.04 
Mitochondrial fraction 0.09 15.4 0.006 
Cytosolic fraction 0.43 14.2 0.03 
Microsomal fraction 0.2 10 0.02 
* Activity was expressed as J.Lmol S-2, 4-dinitrophenyl-GSH adduct formed/min. 
t Specific activity was expressed as J.Lmol S-2, 4-dinitrophenyl-GSH adduct 
formed/min/mg protein. 
Kinetic studies 
The apparent Km value for substrate GSH was determined with the 
use of varying GSH concentrations and a fixed CDNB concentration of 
1.0 mM. The apparent Km values for substrates CDNB, CNB, and EA 
were determined with the use of varying substrate concentrations and 
a fixed GSH concentration of 1.0 mM. Activity was measured in terms 
of I1mol S-2,4-dinitrophenyl-GSH adduct formed/minute/milliliter. Data 
were plotted as double-reciprocal Lineweaver-Burk plots to determine 
the apparent Km values. 
RESULTS 
Status of GST in mouse liver 
To test the suitability of the chosen assay system for mea-
suring GST activity in the filarial worms S. cervi and B. malayi, 
experiments were first performed with mouse liver homogenate. 
Table I depicts the GST activity in various subcellular fractions 
of mouse liver homogenate. It is evident from the results that 
GST activity in mouse liver was mainly associated with cyto-
solic and microsomal fractions. The rate of formation of S-2,4-
dinitrophenyl-GSH by cytosolic GST from mouse liver was lin-
ear up to 5 min and was also linear as the protein content of 
added amounts increased from 50 to 220 j1g protein. GST cat-
alyzed reaction from microsomal fraction was also found to be 
linear up to 5 min and also linear as the protein content of added 
amounts increased from 33.8 to 169 j1g protein. 
Status of GST in filarial worms Brugia malayi 
Table II depicts the GST activity in various subcellular frac-
tions of B. malayi homogenate. The cytosolic and microsomal 
GST reaction was found to be fairly linear for 5 min. Because 
B. malayi is available only in very small amounts, linearity of 
cytosolic GST reaction with respect to enzyme protein could 
not be determined. 
Status of soluble GST in filarial worms Setaria cervi 
GST activity: Setaria cervi exhibited subcellular distribution 
of GST activity, as well as time- and enzyme-protein-depen-
dent kinetic studies on cytosolic and microsomal GST, similar 
to that of B. malayi. Table III depicts the GST activity in var-
ious subcellular fractions of S. cervi homogenate. It is evident 
from the results that GST activity in these worms was also 
mainly associated with cytosolic and microsomal fractions. The 
cytosolic GST reaction was found to be fairly linear with re-
spect to time (30 sec to 5 min) and amount of enzyme protein 
(15.6 to 125 j1g). 
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TABLE III. Subcellular distribution of GST activity in filarial worms S. cervi. 
Total activity* Specific activityt 
Fraction (fLmol/min) Total protein (mg) (fLmol/minimg protein) 
Crude homogenate 1.40 :!: 0.090 20.1 :!: 0.152 0.070 :!: 0.0185 
Mitochondrial fraction 0 1.25 :!: 0.080 Not detectable 
Postmitochondrial fraction 1.20 :!: 0.042 18.2 :!: 0.056 0.066 :!: 0.017 
Cytosolic fraction 2.024 :!: 0.018 l3.9 :!: 0.033 0.122 :!: 0.024 
Microsomal fraction 0.026 :!: 0.02 2.54 :!: 0.025 0.010 :!: 0.0052 
* Activity was expressed as fLmol S-2, 4-dinitrophenyl-GSH adduct formed/min ± SD based on experiments done in quadruplicates. 
t Specific activity was expressed as fLmol S-2, 4-dinitrophenyl-GSH adduct formed/min/mg protein ± SD based on experiments done in quadruplicates. 
Stability: Under the specified assay conditions, the enzyme 
from the cytosolic fraction was found to be fairly stable at 
0-4 C and could be frozen at -20 C without any appreciable 
change in its catalytic activity. GST activity was measured in 
fresh cytosolic fraction as well as after 1 day and 2 wk of 
storage of the same fraction at 4 and -20 C, and after 1 mo of 
storage at -20 C. The GST activity remained unchanged at 
both the given temperatures and under all periods of storage. It 
is concluded that stability of cytosolic GST from S. cervi allows 
long-term storage even at -20 C, without significant loss of 
enzyme activity. The enzyme activity was completely lost on 
heating at 100 C. 
Effect of pH: The optimum pH of cytosolic GST from S. 
cervi was determined within the pH range of 4.5 to 8.0 in 0.1 
M potassium phosphate buffer. Cytosolic GST from S. cervi 
females showed an optimum pH centered at approximately 6.5. 
The enzyme was found to be maximally active between pH 6.5 
to 7.5. 
Effect of ethanol percentage: As CDNB was dissolved in 
absolute ethanol, the influence of ethanol percentage (1-10%) 
was studied on the reagent blank at pH 6.5. At pH 6.5, the 
higher the final percentage of ethanol, the higher was the ab-
sorbance of the reagent blank. 
Effect of buffer strength: First, the effect of ionic strength on 
GST activity from S. cervi was studied by varying the concen-
tration of the potassium phosphate buffer (pH 6.5) from 0.1 to 
0.2 M. Second, the effect of ionic strength of 2 other buffers 
at pH 6.5, viz., 0.1 M citrate buffer and 0.2 M acetate buffer, 
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Effect of ionic strength for various buffers on S. cervi 
which represent a buffer strength from pH 2.0 to 6.0 and from 
pH 3.8 to 5.8, respectively, was also determined. The enzyme 
was found to be maximally active in presence of 0.1 M potas-
sium phosphate buffer (Fig. 1). 
Kinetic parameters and substrate specificities: Because of the 
relatively nonspecific nature of the binding site for the electro-
philic substrate, GST can accommodate a diverse number of 
substrates other than CDNB. No specific substrates have so far 
been detected for GST. Cytosolic GST from S. cervi displayed 
Michaelis-Menten behavior with regards to the substrates 
CDNB, CNB, EA, and co substrate GSH. Reciprocal plots of 
lIv versus lI[S] gave the kinetic parameters relating to 1 sub-
strate in the presence of saturating concentration of the second 
substrate. The apparent ~ values of cytosolic GST with respect 
to GSH, CDNB, CNB, and EA were found to be 0.3 ± 0.010, 
5.0 ± 0.018, 5.0 ± 0.030, and 0.5 ± 0.019 mM, respectively 
(Table IV). With bromosulphathalein and DCNB as substrates, 
no significant activity was detected (Table V). 
Status of membrane-bound GST in filarial worms S. cervi 
Figure 2 gives the percent solubilization of microsomal GST 
with increasing concentrations of detergent Triton-X-100. As is 
evident from the data, GST solubilization was maximal at a 
detergent concentration of 2.0% and, therefore, this concentra-
tion of Triton wa~ routinely employed for solubilization. The 
reaction of solubilized GST from microsomal fraction was also 
found to be fairly linear with respect to time (30 sec to 5 min) 
and amount of enzyme protein (33.2 to 65.4 fLg). 
Stability: The solubilized microsomal enzyme from S. cervi 
was found to be fairly stable at 0-4 C and could be frozen at 
-20 C without any appreciable change in its catalytic activity. 
GST activity also remained unchanged at room temperature and 
under all conditions of storage. 
TABLE IV. Apparent Km values of cytosolic and microsomal GST from 
S. cervi toward various substrates. 
Substrate 
GSH 
1-chloro-2,4-dinitrobenzene (CDNB) 
1-chloro-3-nitrobenzene (CNB) 
Ethacrynic acid (EA) 
Apparent Km (mM)* 
Cytosolic Microsomal 
GST GST 
0.3 :!: 0.010 20 :!: 0.12 
5.0 :!: 0.Dl8 10 :!: 0.25 
5.0 :!: 0.030 ND 
0.5 :!: 0.019 ND 
* Values are mean ± SD of triplicate determinations (ND = not detectable). 
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TABLE V. Substrate specificities of GST from cytosolic fraction of filarial worms S. cervi. 
Specific activity* 
Substrate Substrate (mM) GSH (mM) (J.Lmollminlmg protein) 
1-chloro-2,4-dinitrobenzene (CDNB) 1.0 1.0 0.122 ::': 0.024 
Model substrate 
1-chloro-3-nitrobenzene (CNB) 1.0 1.0 0.044 ::': 0.021 
Bromosulphathalein 0.03 5.0 ND 
1,2-dichloro-4-nitrobenzene (DCNB) 1.0 5.0 ND 
Ethacrynic Acid (EA) 1.0 5.0 0.115 ::': 0.092 
* Specific activity was expressed as ...,mol S-2, 4-dinitrophenyl-GSH adduct formed/minlmg protein ± SD of triplicate determinations (ND = not detectable). 
Effect of pH: The pH profile of microsomal GST from S. 
cervi was determined within the pH range of 4.5-8.0 of 0.1 M 
potassium phosphate buffer. Microsomal GST from S. cervi 
showed a broad pH optima centered at approximately 6.0. 
Kinetic parameters and substrate specificities: Solubilized 
GST from S. cervi displayed Michaelis-Menten behavior with 
regards to the substrate CDNB and co substrate GSH. The ap-
parent ~ values of microsomal GST with respect to GSH and 
CDNB were found to be 20 ± 0.12 and 10 ± 0.25 mM, re-
spectively (Table IV). The solubilized microsomal GST was 
found to lack activity with substrates CNB, bromosulphthalein, 
and EA (Table VI). 
DISCUSSION 
All filarial worms examined to date express a comprehensive 
repertoire of both cytoplasmic and secreted antioxidant en-
zymes, although significant differences exist between species 
and life-cycle stages. Adult B. malayi, D. immitis, and O. vol-
vulus secrete Cu, Zn-superoxide dismutases (SODs); the former 
2 species also secrete a selenocysteine-independent glutathione 
peroxidase (GPx). Adult O. volvulus may compensate for an 
apparent deficiency in expression of GPx via a secreted variant 
of glutathione-S-transferase (Selkirk, 1998). 
GSH metabolism has been analyzed in S. cervi (Gupta et aI., 
2002). It has been shown that interference with the filarial GSH 
metabolism has a curative effect on filarial infections in mice 
(Bhargava et al., 1983). Helminth parasites have limited detox-' 
ification enzymes and appear to lack the important cytochrome 
P-450-dependent reactions (Precious and Barrett, 1989a, 
1989b). GST(s) as well as other GSH-dependent enzymes have 
been implicated in protection of the parasite against oxidative 
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FIGURE 2. Percent solubilization of GST from microsomal fraction 
of S. cervi by increasing concentration of Triton-X-lOO. 
stress (Tracy et aI., 1983). These observations, together with 
the potential that GST could be induced by exposure of the 
parasite to drugs and other xenobiotics or to reactive oxygen 
species (ROS), pose a number of questions about the biological 
and chemotherapeutic ramification of elevated GST in filarial 
parasites. Further, it may be hypothesized that inducible para-
site-specific GST(s) contribute to chemotherapeutic efficacy, 
drug concentration, metabolism, and resistance. Intervention of 
this enzyme could lead to an innovative approach for parasite 
control. 
GST has been detected in adults of S. cervi (Srivastava et al., 
1994). GST activity has also been examined in adult stages of 
S. digitata. It is absent in other stages of Setaria species and 
also in infective larval stages of W. bancrofti and B. malayi. 
The present study demonstrates the existence of both cytosolic 
and microsomal forms of GST, the major enzyme of phase II 
detoxification pathway, in adult S. cervi. 
Unlike mammalian GST(s), parasitic nematode GST(s) are 
not well characterized. Homology models indicate critical struc-
tural differences at the active site between host and parasite 
enzymes. In particular, the parasitic enzymes, although topo-
logically related to the mammalian pi GST family, have a very 
open hydrophobic substrate-binding site, resulting in open cleft 
at the active site (Liebau et aI., 1997). In contrast, the glutathi-
one-binding site found in the mammalian enzymes has a more 
constricted feature. By contrast, glutathione-binding site is 
closely related to that found in the mammalian enzymes, i.e., 
notably, the Tyr-115 residue is almost identically placed in both 
the mammalian and parasite enzymes. This residue is a poten-
tial target for binding of a number of pi GST inhibitors, all 
bearing a carbonyl moiety beta to the point where GSH con-
jugation occurs (Katusz and Colman, 1991; Droog et al., 1995). 
GST from W. bancrofti and B. malayi is significantly differ-
ent from human GST in sequence and structure. Thus, GST in 
these 2 parasites is a potential chemotherapeutic target for an-
tifilarial drug treatment. Comparison of modeled GST in the 2 
filarial worms with human GST has revealed structural differ-
ences between them. Analysis of active-site residues for the 
binding of electrophilic substrates has provided insights toward 
the design of parasite-specific GST inhibitors (Bhargavi et al., 
2005). 
The pattern of activity of cytosolic GST from S. cervi with 
GSH and CDNB, as well as the optimum pH, were found to 
be different from that of microsomal GST. The apparent ~ 
values of microsomal GST from S. cervi toward substrates GSH 
and CDNB were different from those obtained with cytosolic 
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TABLE VI. Substrate specificities of GST from microsomal fraction of filarial worms S. cervi. 
[Substrate] [GSH] Specific activity* 
Substrate (mM) (mM) (fLmollminlmg protein) 
l-chloro-2,4-dinitrobenzene (CDNB) 1.0 1.0 0.010 ± 0.0052 
Model substrate 
l-chloro-3-nitrobenzene (CNB) 1.0 1.0 ND 
Bromosulphathalein 0.03 5.0 ND 
Ethacrynic acid (EA) 1.0 5.0 ND 
* Specific activity was expressed as fLmol S-2. 4-dinitrophenyl-GSH adduct formed/min/mg protein ± SD of ttiplicate determinations (ND = not detectable). 
GST with the same substrates. The Km values of microsomal 
enzyme for both substrates were also different from the appar-
ent Km values obtained with microsomal GST activity from rat 
liver, i.e., 6.0 J.LM and 0.6 mM for CDNB and GSH, respec-
tively (Morgenstern et aI., 1980). It was found that the micro-
somal enzyme had a very restricted substrate specificity, com-
pared to the wider range of substrates that can be conjugated 
with glutathione by the cytosolic glutathione-S-transferases (Ja-
koby, 1978). Bromosulfophthalein, a substrate for the mam-
malian cytosolic GST(s) (Habig et al., 1974), was not conju-
gated at a measurable rate by either the cytosolic or the micro-
somal transferase of S. cervi, a property shared with rat and 
mouse liver microsomal glutathione-S-transferase (Morgenstern 
and DePierre, 1983; Andersson et aI., 1988). These findings, 
together with differences in substrate specificity and subcellular 
distribution, strongly indicate that microsomal GST from S. cer-
vi is unrelated to the cytosolic protein catalyzing the same re-
action. The list of substrates for the microsomal glutathione-S-
transferase is now impressive and can be expected to grow as 
more substances are tested. Thus, this enzyme may play an 
important role in the conjugation of many xenobiotics, or their 
metabolites, or both, with glutathione. Consequently, the bind-
ing properties of the microsomal glutathione-S-transferase are 
presently being explored. Future studies (including determina-
tion of the amino acid composition of the microsomal enzyme, 
peptide fingerprinting) are expected to give further support to 
the central role that this enzyme is supposed to play in drug 
metabolism. In conclusion, the microsomal glutathione trans-
ferase from S. cervi is clearly distinct from the cytosolic glu-
tathione transferase catalyzing the same reaction and, conse-
quently, studies on the binding properties of the microsomal 
glutathione transferase in the future may hold great significance. 
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TREHALOSE CATABOLISM ENZYMES IN L3 AND L4 LARVAE OF ANISAKIS SIMPLEX 
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ABSTRACT: The presence of trehalase and trehalose phosphorylase in L3 and L4 larvae of Anisakis simplex was demonstrated. 
The activity of trehalase and trehalose phosphorylase in L3 larvae was 6 and 10 times higher, respectively, than in L4 larvae. 
This suggests that trehalose metabolism is more important for L3 than L4 larvae. Trehalases of L3 and L4 differ in their 
characteristics. The enzyme of L3 was present mainly in the lysosomes and cytosol, whereas in L4 the highest enzyme activity 
was measured in the lysosomal fraction. Trehalase activity was increased by 29% in L3 and 55% in L4 with the addition of 
Mg2+ (0.1 mmol). Tris inhibited trehalase in L3 larvae by 42% and in L4 by 25%. The enzymes differed in their reaction to 
EDTA, CaCI2, ZnCI2, and CH2ICOOH (all 0.1 mmo\). High activity of trehalase from L3 larvae was measured within the pH 
range of 5.0 to 6.5, with an optimum pH of 6.1. The trehalase was a thermally tolerant enzyme from 25 C to 60 C. The enzyme 
lost half of its activity after preincubation without substrate above 75 C. The paper also discusses the similarities and differences 
in characteristics of trehalase from A. simplex larvae and presents the comparison to enzymes from other nematodes. 
Anisakis simplex is a parasitic nematode that causes anisak-
iasis. Its L3 and L4 larval stages develop in the alimentary tract 
of its definitive hosts, i.e., marine mammals, as well as in hu-
mans. Humans are infected with the parasite when they con-
sume raw or improperly cooked fish and fish products contain-
ing the larval worms. Anisakis simplex results in serious health 
problems by causing pathological lesions that can be fatal and 
by frequently causing asthma and allergy in people employed 
in fish processing (Adams et aI., 1999; Audicana et aI., 2002; 
Molina-Garcia and Sanz, 2002), Despite such serious conse-
quences for humans, there are serious gaps in the knowledge 
of physiology and biochemistry of A. simplex, such as knowl-
edge of its carbohydrate metabolism. The first information on 
the type and quantity of sugars present in A. simplex was pre-
sented recently (Lopietiska-Biernat et aI., 2006), but despite 
these new data, the literature lacks information on trehalose 
transformation in A. simplex. 
Much information on trehalose metabolism in nematodes was 
presented in the monographic study by Behm (1997) and in the 
work by Dmitryjuk and Z6ltowska (2003). Trehalose metabo-
lism can follow 1 of 2 pathways: enzymatic hydrolysis or phos-
pholysis. Trehalase (EC 3.2.l.28) is the primary enzyme of the 
hydrolytic metabolism pathway, It is aglucohydrolase found 
naturally in many organisms including bacteria, fungi, plants, 
and animals, including humans (Elbein, 1974). It is also an 
important enzyme in many nematodes (Behm, 1997), such as 
Caenorhabditis elegans, Ascaris suum, Haemonchus contortus, 
Bunostomum trigonocephalum, Onchorcerca gibsoni, Trichi-
nella spiralis, Steinernema carpocapsae, Hystrothylacium 
aduncum, and Cystidicolafarionis (Castro and Roy, 1974; Lapp 
and Mason, 1978; Gupta and Trivedi, 1986; Behm, 1997; 
Z6ltowska et aI., 2001, 2002), Of all 'species, only the trehalases 
from muscles of Ascaris suum have been properly characterized 
in detail, i.e., a cytoplasmic neutral trehalase and acid trehalase 
linked to the membranes (Lapp and Mason, 1978; Dmitryjuk 
and Z6ltowska, 2003). 
The phospholytic catabolic pathway requires trehalose phos-
phorylase (EC 2.4,1.64); this enzyme is a glycosyl transferase, 
which acts as a catalyst for the reversible trehalose decompo-
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sition reaction, with the participation of unlimited phosphate to 
glucose and glucose-I-phosphate (G-I-P). Dmitryjuk and 
Z6ltowska (2000) showed for the first time the activity of tre-
halose phosphorylase in nematodes in A. suum. Later, its pres-
ence was also confirmed in other nematodes, i.e., parasites such 
as H, aduncum and C. farionis in fish (Z6ltowska et aI., 2001, 
2002). 
In the present study, we compared trehalose catabolism in 
L3 and L4 larvae of A. simplex. In nature, L3 larval stages can 
occur in different hosts, i.e., heterothermic organisms such as 
crustaceans, cephalopods, or fish, whereas L4 larvae can occur 
in homoeothermic marine mammals. We hypothesized that the 
change in the host environments should be accompanied by 
metabolic adaptations manifested by a change in activity and 
properties of trehalose enzymes. Testing this hypothesis was a 
primary goal of our study, along with partially characterizing 
the enzymes. 
MATERIALS AND METHODS 
Isolation of L3 and L4 larvae 
L3 larvae of A. simplex were isolated from fresh Baltic herring (Clu-
pea harengus), cleaned of host-tissue residues, and washed several 
times in 0.65% NaC!. Until used for experiments, they were stored in 
0.65% salt solution at 4 C. L4 larvae of A. simplex originated from in 
vitro cultures according to the modified method of Grabda (1976). The 
culturing was done at 37 C, pH 4.0, in an atmosphere containing 5% 
CO2 , L4 larvae were also obtained from the fresh Baltic herring. 
Preparation of A. simp/ex extracts for enzymatic tests 
One hundred milligrams of L3 or L4 larvae were homogenized in a 
glass homogenizer with I ml 0.65% NaC!. The homogenate was cen-
trifuged at 800 g for 15 min at 4 C. The supernatant was used to assay 
for enzymes and determine protein content according to Bradford 
(1976). 
Determination of enzyme activity 
Trehalase activity was measured using a modified Dahlqvist method 
(1968) and expressed in enzymatic units. One enzymatic unit (u) cor-
responds to the quantity of enzyme releasing I ILmol of glucose at 37 
C during I hr. The activity was converted to I mg of protein. The 
trehalose phosphorylase activity was measured for the decomposition 
of trehalose using the method of Wannet et a!. (1998). Determination 
was done in 2 stages. The first stage followed the conversion of tre-
halose phosphorolysis to glucose and G-I-P. In the second stage, the 
quantity of G-I-P produced was determined according to Michal (1984). 
The enzymatic unit (u) corresponds to the enzyme quantity producing 
I ILmol G-I-P from trehalose at 37 C during I hr. The enzymatic activity 
was converted to I mg of protein. 
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FIGURE I. Subcellular distribution of trehalase from L3 larvae and 
L4 Anisakis simplex. Maximium activity of 2.25 :!: 0.15 u/mg was 
adopted as 100%. 
Determination of trehalase properties 
Stability of the enzyme during storage of larvae at a low temperature 
was checked by freezing 100-mg batches of L3 and L4 larvae at -10 C 
and -20 C. The enzyme activity was then measured at 1-wk intervals. 
Subcellular enzyme location was determined by differential centrifuging 
according to the method by Van den Bossche and Borgers (1973). The 
optimum pH was determined in a 70-mM veronal-sodium acetate buffer 
within the pH range of 2.6 to 9.2. The results were expressed as a per-
centage of maximum activity, the value of which was assumed as 100%. 
Determination of optimum temperature 
Activity of enzymatic extracts was tested at a pH corresponding to 
the enzyme optimum with 50 mM of the substrate after I hr incubation 
at temperatures from 25 C to 90 C. For consecutive measurements, the 
temperature was increased in increments of 5 C. The relative activity 
of enzymes was expressed as a percentage of the maximum activity. 
Determination of heat stability 
Samples containing 0.1 ml of the supernatant and 0.8 ml of 70 mM 
veronal-sodium acetate butfer with pH optimal for a given enzyme were 
preincubated for 15 min in a water bath, whose temperature was increased 
at 10 C intervals. The tests were conducted at temperatures ranging from 
25 C to 90 C. After cooling 0.1 ml of 50 mM trehalose, it was added and 
the sample was incubated for 1 hr at 37 C. The relative activity of enzymes 
was expressed as a percentage of the maximum activity. 
Solutions (0.1 M) of the following compounds were used: MgCI2, CaCI2; 
CH2ICOOH, EDTA, and Tris, as well as 0.01 M ZnCI2• Also, 0.1 M so-
lutions of sodium salts of the following anions were tested: P043-, 
C6H50l-, N03-, SOl-, C4H40 62-, and B40l-. Samples contained 0.1 ml 
of the enzymatic extract, 0.1 ml of trehalose, 0.7 ml of 70 mM veronal-
sodium acetate buffer, and 0.1 ml of the solution of tested compound. In 
the reference sample, 0.1 ml of distilled water was added instead of the 
effector, whose activity was assumed to be 100%. The results presented are 
the mean values from 5 independent experimen'ts. The results obtained were 
statistically analyzed by Student's t-test. 
RESULTS 
The activity of both trehalose-degrading enzymes was higher 
in L3 than in L4 larvae. Activity of trehalase reached 2.25 ::'::: 
0.15 u/mg for L3 and 0.34 ::'::: 0.16 u/mg for L4 larvae. The 
activity of trehalose phosphorylase was very high in L3 larvae, 
reaching 5.32 ::'::: 3.15 u/mg, whereas in L4 larvae it was only 
0,47 ::'::: 0,16 u/mg. The differences between both enzymes' ac-
tivities in L3 and L4 larvae were statistically significant (P < 
0.01). 
Trehalase is a labile enzyme, Storage of L3 larvae at -10 C 
TABLE 1. The influence of chemical compounds on the activity trehalase 
from Anisakis simplex larvae. 
Chemical Activity of enzyme (%) 
compounds (1 mM) L3 L4 
100.00 100.00 
MgCl2 129.00 155.00 
CaCI2 75.00 238.30 
ZnCI2 (O,lmM) 60.42 179.20 
EDTA 126.00 80.00 
CH2ICOOH 22.00 220.00 
Tris 58.25 75.85 
for 2 wk caused a decrease in its activity by ca. 64%; after 4 
wk activity was decreased by ca. 87% and after 8 wk only 
8.65% of its initial activity was retained (2,49 u/mg). The ac-
tivity of the enzyme in the material frozen for 4 wk at -10 C 
and -20 C was compared with the activity in live larvae stored 
for the same period of time in 0.65% NaCI at 4 C. It was 
established that the enzyme retains a much higher activity when 
the material is stored live, as trehalase activity decreased to 
2.86%, 7.82% and 35.85% of that measured in the initial ma-
terial at 1.53 u/mg. 
In L3 larvae, trehalase was present mainly in the cytosol and 
lysosomes. More than half of total enzyme activity was linked 
to the cytosol fraction. Approximately 33% of the total treha-
lase activity was linked with the lysosome fraction (Fig. 1). In 
contrast, in extracts from L4 larvae, the highest trehalase activ-
ity was measured in the lysosome fraction (39% of the total 
activity). Trehalase activity in cytosol larvae in the case of L4 
larvae was lower than in L3 larvae (P < 0.05) (Fig. 1). 
Trehalase activity was increased by Mg2+ by ca. 29% in L3 
and 55% in L4, whereas it was decreased by Tris by 42% in 
L3 and by 25% in L4. The other chemical compounds influ-
enced the enzyme differently in L3 and L4 larvae (Table I). For 
example, calcium and zinc ions were inhibitors of trehalase 
from L3 larvae. Iodoacetic acid was its strongest inhibitor (ca. 
80% inhibition). Conversely, the above compounds increased 
the activity of the enzyme from L4 larvae by ca. 2-fold (Table 
I). EDTA increased trehalase activity in L3 larvae, whereas it 
decreased its activity in L4 larvae by 20% (Table I). 
The influence of phosphate, citrate, tartrate, sulfate, nitrate, 
and borate anions on activity of trehalase from L3 larvae was 
also investigated. They were introduced to the reaction envi-
ronment in the form of sodium salts. The enzyme was activated 
by phosphate and citrate anions, increasing its activity by 75% 
and 65%, respectively. The other anions did not influence its 
activity. 
The enzyme from L3 larvae showed high activity (over 50% 
of maximum) within the range of pH from 5.0 to 6,5. The 
optimum activity was achieved at pH 6.1. Another extended 
activity peak was observed at a pH range of 7-8 (Fig. 2). The 
curves representing the dependence of trehalase activity on 
temperature show that the enzyme was active within the tem-
perature range of 25-60 C, reaching a maximum at 45 C; when 
incubated at 65 C, it still retained 20% and at 75 C, 10% of its 
maximum activity (Fig.3). Trehalase is a stable enzyme; it lost 
a half of its activity after 15 min preincubation without substrate 
only at temperatures exceeding 75 C. At 85 C, it still retained 
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FIGURE 2. Dependence of the activity of trehalase from L3 Anisakis 
simplex larvae on pH. Maximium activity of 2.25 :!: 0.15 u/mg was 
adopted as 100%. 
20% of its activity. Total inactivation of the enzyme was ob-
served only after preincubation at 90 C (Fig. 3). 
DISCUSSION 
These results demonstrate, for the first time, that enzymes 
responsible for both pathways of trehalose catabolism, trehalose 
phosphorylase and trehalase, are present in A. simplex. Based 
on a comparison of activities of the enzymes for both pathways 
in L3 and L4 larvae, it can be assumed that trehalose is less 
important for L4 than for L3 larvae. That assumption is sup-
ported by the higher activity of both enzymes of trehalose ca-
tabolism in L3 larvae. Thus, trehalose phosphorylase was 10-
fold and trehalase 6-fold more active in L3 than in L4 larvae. 
These differences may result from an adjustment to the na-
ture of nutrients found by both A. simplex larval stages in their 
respective hosts. Glycogen and products of its degradation are 
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major sources of carbohydrates for L4 larvae living in the ali-
mentary tracts of marine mammals, whereas the importance of 
other disaccharides, including trehalose, is lower. That is con-
firmed by relatively high activity of hydrolases involved in ca-
tabolism of glycogen in L4 larvae of A. simplex (Lopienska-
Biernat et aI., 2004). In contrast, L3 larvae living in the bodies 
of euphausid crustaceans and teleost fishes probably feed ex-
clusively through surface cuticle because their alimentary tract 
is nonfunctional (Iglesias et aI., 1997). Trehalose metabolism 
enzymes may be highly important for the L3 stage because they 
participate in transport and allocation of glucose from the en-
vironment (Behm, 1997; Dmitryjuk and Z6ltowska, 2003). 
The results of the present investigation differ from the results 
of studies on trehalose metabolism in H. aduncum and C. fa-
rionis. In the cases of the latter parasites, a much higher activity 
of trehalose catabolism enzymes was observed in individuals 
more advanced in development than in the L3 and L4 larvae 
(Zoltowska et aI., 2001, 2002). These differences may result from 
the fact that those nematodes, unlike A. simplex, complete their 
developmental cycle in fish. A higher activity of trehalose phos-
phorylase in L3 larvae than in L4 larvae may indicate that the 
importance of trehalose phosphorolysis decreases with progress 
of A. simplex development. A different situation was observed 
in the cases of H. aduncum and C. farionis. It should also be 
noted here that the role of the phosphorolytic trehalose degra-
dation pathway in A. simplex is much more important than in the 
other nematodes studied. Specific activity of trehalose phosphor-
ylase in both A. simplex larvae was very high, at 2.25 u/mg and 
0.34 u/mg for L3 and L4 larvae, respectively, and much higher 
than in the larvae of H. aduncum (0.22 u/mg) and C. farionis 
(0.067 u/mg), or in the muscles of mature A. suum (0.094 u/mg) 
(Z6ltowska et al., 2001, 2002; Dmitryjuk and Z6ltowska, 2005). 
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FIGURE 3. Dependence of the activity of trehalase from L3 Anisakis simplex larvae on temperature and thermal stability. Maximium activity 
of 2.25 :!: 0.15 u/mg was adopted as 100%. 
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A similar activity level of trehalose phosphorylase was observed 
only in mature individuals of H. aduncum CZ6ltowska et al., 
2002). An unanswered question is whether A. simplex has the 
ability to synthesize trehalose, as occurs in fungi and bacteria 
(Kitarnoto et al., 1998; Wannet et al., 1998). 
The high activity of trehalase in L3 larvae of A. simplex, shown 
for the first time in this paper, in addition to its basic role in 
endogenous trehalose hydrolysis, indicates it can also participate 
in the intake of exogenous glucose and trehalose directly from the 
host through its cuticle. This happens in the case of Monilifonnis 
dubius, an acanthocephalan parasite (Starling and Fisher, 1978). 
Because trehalase is the main trehalose metabolic enzyme in A. 
simplex, its properties were investigated in this study in more detail 
than those of trehalose phosphorylase. Trehalases of mammals and 
the nematode C. elegans are associated with membranes (Behm, 
1997; Murray et al., 2000; Oku and Nakamura, 2000). In lA lar-
vae of A. simplex, trehalase is present mainly in the lysosomes, 
whereas a lower activity was observed for the enzyme in cytosol. 
In L3 larvae, on the other hand, more than half of trehalase activity 
is linked to cytosol (Fig. 1). Similarly, the isoenzyme of neutral 
trehalase from muscles of A. suum is linked to cytosol. The pres-
ence of 2 trehalase isoforms in A. simplex, similar to the situation 
in A. suum, i.e., acid lysosomal (Dmitryjuk and Z6ltowska, 2003) 
and neutral cytosol (Lapp and Mason, 1978), cannot be excluded. 
The pathway for the enzyme activity curve, depending on pH, 
may support that suggestion (Fig. 2). Nevertheless, it should be 
noted that trehalases of both of these nematode species differ in 
some characteristics. The enzyme of L3 larvae of A. simplex lost 
activity very quickly during storage of frozen material (-10 C), 
whereas the trehalase of A. suum after storage exceeding 3 wk 
was even more active than in the fresh material (Dmitryjuk and 
Z6ltowska, 2005). The effects of certain chemical compounds on 
them also differed. For example, EDTA stimulated L3 of A. sim-
plex trehalase (Table I), whereas it is an inhibitor of the enzyme 
from A. suum (Dmitryjuk and Z6ltowska, 2003). On the other 
hand, certain analogies in reactions of trehalase from A. suum and 
those from lA A. simplex are worth noting. Both acid trehalase of 
A. suum muscles and the enzyme from lA larvae of A. simplex 
were activated by cations of magnesium, calcium, and zinc. Block-
ing the SH groups in them not only did not inhibit their activjty 
but, to the contrary, stimulated it (Table I). The question remains . 
open of whether the above similarities in characteristics of treha-
lase from lA larvae of A. simplex and from A. suum-nematodes 
belonging to the same superfamily and, more importantly, living 
in the intestines of mammals, an environment similar in many 
respects--can be considered to be a manifestation of adaptation 
to their site of infection. The suggestioll, must be confirmed in 
further studies on trehalases from other species of intestinal nem-
atodes belonging to the same taxon. 
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BOOK REVIEW . .. 
Parasites and Infectious Disease: Discovery by Serendipity, and 
Otherwise, by Gerald W. Esch. Cambridge University Press, New York, 
New York. 2007. 347 p. Hardcover, ISBN 978-0-521-85882-3; paper-
back, ISBN 978-0-521-67539-0. 
After nearly two years of research, Parasites and Infectious Disease: 
Discovery by Serendipity, and Otherwise, by Jerry Esch, is now pub-
lished. The book is in many ways a sequel to his Parasites, People and 
Places: Essays on Field Parasitology (2004, Cambridge University 
Press), and, if you loved the first one, you will surely love this one. It 
is much about the day-to-day life of being a parasitologist within a 
scientific community and the nature of interactions between us and dis-
covery. 
The book is novel in describing the professional life of those re-
sponsible for landmark advances, mostly by researchers in the United 
States and the United Kingdom, and trying to understand the path to 
their successes. Esch does this by conducting a series of interviews, 
much of which is provided as quoted transcripts, and then by providing 
a personalized narrative about the events. Parasitologists are people, and 
understanding what types of people they are, or were, has to add to the 
appreciation of their work, and thus this new book provides an enor-
mous amount of personal facts concerning the history of modern par-
asitology. We get Jerry Esch's take on these often-remarkable accom-
plishments, and how there is a pattern of success involving curiosity 
and determination mixed with serendipity of professional life. 
The book begins with a detailed Prologue, with the settings, personal 
histories, and professional contexts of interviews with Dick Seed, Keith 
Vickerman, Bob Desowitz, Darwin Murrell, Bill Campbell, Richard 
Tinsley, Margaret and Sidney Ewing, Don Bundy, Peter Hotez, David 
Rollinson, John Hawdon, Mark Honigsbaum, Roy Anderson, Steve 
Nadler, Jim Oliver, Pat Lord, and J. P. Dubey being provided. All have 
made significant contributions to the study of parasites and the diseases 
they cause. 
.. ' 
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The prologue is followed by 15 short essays on topics as varied as 
trypanosome VSGs, the development of ivermectin as a drug, updated 
histories of malaria, schistosomiasis, coccidians, trichinosis, and Lyme 
disease, the international commotion surrounding the Cinchon tree and 
its therapeutic use, the "unholy trinity" of geohelminths, the politics of 
vaccine work, and development versus education as strategies for help-
ing the poor. Somewhat on the side, special insights are provided on 
the careers and facts surrounding studies of monogenes of desert-dwell-
ing hosts, of the confrontational nature of early phylogenetics of para-
sites, of the academic tug-of-war between top universities in the United 
Kingdom, the birth of modern epidemiology, and a new look at the 
important life-cycle work done by Wendell Krull. All 15 essays are 
extremely informative and entertaining. A brief two-page summary as-
sesses discovery in parasitology. It turns out that serendipity certainly 
has played a role in discovery and career paths, but for Jerry it takes a 
back seat to academic quality, dedication, and pugnacity. 
For instructors of university courses in parasitology, the essays pro-
vide up-to-date summaries of parasites of medical and veterinary im-
portance that can be used to help make lectures contemporary and more 
interesting. For students of parasitology they provide a palatable review 
of the facts, while providing descriptions of the human side of those 
whose work they reference. 
In many ways, the book is like reading a novel in which you feel 
you know the principal characters up close, and, just like with Durrell's 
The Alexandria Quartet, you get a story from different perspectives. 
You will not escape the read without thinking about how your own 
career developed, and about all of the special breaks of "serendipity, 
and other wise" that molds one's professional life on the way. Once 
again, Jerry Esch has produced a well-written book based on years of 
editorial experience and many significant friendships. 
David Cone, Department of Biology, Saint Mart's University, Halifax, NS 
B3H 3C3, Canada . 
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ULTRASTRUCTURE OF THE SPERMATOZOON OF PARACHRISTIANELLA TRYGONIS 
DOLLFUS, 1946 (TRYPANORHYNCHA: EUTETRARHYNCHIDAE) 
Jordi Miquel, Zdzistaw SWiderski*t, Lassad Neifar:j:, and Catarina Eira§11 
Laboratori de Parasitologia, Departament de Microbiologia i Parasitologia Sanitaries, Facultat de Farmacia, Universitat de Barcelona, Av. Joan 
XXIII, sn, E-08028 Barcelona, Spain. e-mail: jordimiquel@ub.edu 
ABSTRACT: The ultrastructural organization of the mature spermatozoon of the trypanorhynch cestode Parachristianella trygonis 
is described by transmission electron microscopy. The spermatozoon is a long and filiform cell, tapered at both ends, lacking 
both mitochondrion and crested bodies. Its cytoplasm contains 2 axonemes of the 9+' l' pattern of the Trepaxonemata longitu-
dinally displaced, parallel cortical microtubules, the nucleus and glycogen in form of both a-glycogen rosettes and j3-glycogen 
particles. The anterior extremity of the spermatozoon is characterized by the presence of an arclike row of up to 10 parallel 
cortical microtubules that partially surround the first axoneme. The present study emphasizes the ultrastructural similarity between 
mature spermatozoa of all 4 trypanorhynchs that have been studied to date. Nevertheless, several features, i.e., the characteristics 
of spermatozoa extremities, the absence of crested bodies, and the possible presence of an arclike layer of cortical microtubules, 
need a more thorough analysis or confirmation in some of these species. 
The Trypanorhyncha comprises species of cestodes infecting 
elasmobranchs as final hosts. This order has been considered 
one of the most chaotic and confusing tapeworm groups (see 
Wardle and McLeod, 1952; Campbell and Beveridge, 1994). 
Nevertheless, a new classification of the order has been recently 
developed by Palm (2004), in which the tentacular armature 
was considered to be of limited importance for the classification 
of higher taxa. According to this author, the order comprises 
254 species, with 15 families distributed into 5 superfamilies 
(Tentacularioidea, Gymnorhynchoidea, Laci storhynchoidea, 
Otobothrioidea, and Eutetrarhynchoidea). The morphology of 
the spermatozoon was not considered in this classification of 
trypanorhynchs. However, it could provide useful morphologi-
cal characters for the phylogeny/classification of trypanorhynch 
cestodes, as has been demonstrated for other taxa (see Euzet et 
aI., 1981; Swiderski, 1986; Justine, 1991, 1998,2001; Bit and 
Marchand, 1995; Hoberg, Mariaux et aI., 1997; Hoberg et aI., 
2001; Olson et aI., 2001). 
Among the Eucestoda, there are ultrastructural studies on the 
spermatozoa of species belonging to 12 of the 14 orders of 
Eucestoda recognized by Khalil et aI. (1994). These include the 
Caryophyllidea, Spathebothriidea, Pseudophyllidea, Haploboth-
riidea, Diphyllidea, Trypanorhyncha, Tetraphyllidea, Lec~ni­
cephalidea, Proteocephalidea, Nippotaeniidea, Tetrabothriidea, 
and Cyclophyllidea (see Justine, 200 I; Ndiaye, 2003). With re-
spect to the Trypanorhyncha, the available data on ultrastruc-
tural aspects of the spermatozoon are limited to 3 species be-
longing to 2 of the 5 superfamilies, the Lacistorhynchoidea and 
Eutetrarhynchoidea. These include the lacistorhynchids Lacis-
torhynchus tenuis (Swiderski, 1976, '1994) and Grillotia eri-
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naceus (McKerr, 1985) and the eutetrarhynchid Dollfusiella spi-
nulifera (Miquel and Swiderski, 2006). 
The aim of present study is to describe the ultrastructure of 
the mature spermatozoon of another trypanorhynch cestode, 
Parachristianella trygonis Dollfus, 1946, thus providing the 
first data on this genus and increasing the available data for the 
Eutetrarhynchidae. 
MATERIALS AND METHODS 
Adult specimens of Parachristianella trygonis Dollfus, 1946 were 
removed from the spiral valve of the common stingray, Dasyatis pas-
tinaca (Linnaeus, 1758), collected at Sfax and Zarzis (southern coast 
of Tunisia). The live cestodes were placed in a 0.9% NaCI solution. 
After dissection, different portions of mature proglottides were routinely 
processed for transmission electron microscope (TEM) examination. 
Thus, they were fixed in cold (4 C) 2.5% glutaraldehyde in a 0.1 M 
sodium cacodylate buffer at pH 7.2 for a minimum of 2 hr, rinsed in a 
0.1 M sodium cacodylate buffer at pH 7.2, postfixed in cold (4 C) 1 % 
osmium tetroxide in the same buffer for 1 hr, rinsed in a 0.1 M sodium 
cacodylate buffer at pH 7.2, dehydrated in an ethanol series and pro-
pylene oxide, and finally embedded in Spurr's resin. Ultrathin sections 
were obtained using a Reichert-lung Ultracut E ultramicrotome, placed 
on copper grids, and double stained with uranyl acetate and lead citrate 
according to Reynolds (1963). Ultrathin sections were examined using 
a lEOL 1010 TEM operated at an accelerating voltage of 80 kV. 
The Thiery (1967) technique was used to emphasize the presence of 
glycogen particles. Gold grids were treated in periodic acid, thiocar-
bohydrazide, and silver proteinate (PA-TCH-SP) as follows: 30 min in 
10% PA, rinsed in distilled water, 24 hr in TCH, rinsed in acetic solu-
tions and distilled water, 30 min in 1% SP in the dark, and rinsed in 
distilled water. 
RESULTS 
The ultrastructure of the mature spermatozoon of P. trygonis 
is illustrated in Figures 1-16. The observation of several lon-
gitudinal and cross-sections by means of TEM has enabled to 
establish 5 (I-V) different regions in the mature spermatozoon. 
The male gamete is a long filiform cell, tapered at both ends, 
which lacks mitochondria. The cytoplasm contains (1) 2 lon-
gitudinally displaced trepaxonematan axonemes of different 
lengths, (2) 2 short rows of parallel cortical microtubules, (3) 
the nucleus, and (4) glycogen in form of both a-glycogen ro-
settes and l3-glycogen particles. 
Region I (Figs, I, 5, 161) corresponds to the anterior extrem-
ity of the spermatozoon. Its anterior tip contains a small number 
1296 
MIQUEL ET AL.-SPERM ULTRASTRUCTURE OF P TRYGONIS 1297 
TABLE I. Data on the spermatozoon ultrastructure* in trypanorhynch cestodes. 
Families and species (reference) Ax Ase Cb Mt ArcCm Cm G Pse 
Lacistorhynchidae 
Grillotia erinaceus (McKerr, 1985) 2 7 07 ? 0 ex, [3 ? 
Lacistorhynchus tenuis (Swiderski, 1976) 2 lAx? O? ? 0 [3 ? 
Eutetrarhynchidae 
Dollfusiella spinulifera (Miquel and Swiderski, 1996) 2 lAx 0 + 0 ex, [3 lAx 
Parachristianella trygonis (present study) 2 lAx 0 + 0 ex, [3 lAx 
* ArcCm, arclike row of cortical microtubules; Ase, anterior spermatozoon extremity; Ax, number ofaxonemes in the spermatozoon; Cb, number of crested bodies; 
Cm, angle of cortical microtubules; G, glycogen; Mt, mitochondrion; Pse, posterior spermatozoon extremity; lX, a-glycogen rosettes; [3, [3-glycogen particles; +, 
presence of considered character; -, absence of considered character; ?, unknown data or requiring to be confirmed. 
of microtubules (Figs. 1,3). The axoneme, of the 9+'1' tre-
paxonematan pattern, is partially surrounded by an arclike row 
of up to 10 parallel cortical microtubules (Figs. 4, 5). 
Region II (Figs. 8, 15, 1611) represents the prenuclear area 
of the spermatozoon containing 2 axonemes. This region also 
presents a lower number of parallel cortical microtubules dis-
tributed along 2 opposite fields (Figs. 6-8). At this level, 4 
electron-dense attachment zones are also observed (Fig. 7). 
Granules of glycogen in the form of both a-glycogen rosettes 
and j3-glycogen particles progressively appear at the end of this 
region (Figs. 8, 15). 
Region III (Figs. 11, 15, 16III) is the nuclear area of the 
spermatozoon. It contains the nucleus (Figs. 10, 11), 2 axo-
nemes (Fig. 10), electron-dense attachment zones (Fig. 9), par-
allel cortical microtubules (Figs. 9, 10), and a large amount of 
glycogen material (Figs. 11, 15). The nuclear region is the area 
of spermatozoon that contains the maximum number of cortical 
microtubules (15) arranged in 2 parallel fields of 8 and 7 mi-
crotubules. 
Region IV (Figs. 12, 16IV) represents the postnuclear area 
of the spermatozoon containing 2 axonemes. The parallel cor-
tical microtubules disappear and in the final area of this region, 
one of the axonemes loses its central element, doublets disor-
ganize and become singlets, which finally disappear (Fig. 12). 
Region V (Figs. 13, 14, 16V) is the posterior extremity of 
the spermatozoon. It contains a single axoneme that drsorga-
nizes and disappears at the level of the posterior tip of the 
sperm cell (Figs. 13, 14). 
DISCUSSION 
No evident differences were found on the ultrastructural or-
ganization of the spermatozoon of.P. trygonis in comparison 
with the other 3 trypanorhynchs studied to date (see Table I). 
However, notice that data for Lacistorhynchus tenuis (Swider-
ski, 1976) and Grillotia erinaceus (McKerr, 1985) are insuffi-
ciently detailed, hampering comparisons with other species. In 
fact, among other characters, the morphology of the anterior 
and posterior extremities of the spermatozoon, and the possible 
presence of an arclike row of cortical microtubules in the an-
terior uniflagellate area of the gamete are not described. 
The mature spermatozoon of P. trygonis lacks mitochondria, 
similar to other trypanorhynchs and to all eucestodes. It rep-
resents the apomorphic condition for this character and consti-
tutes an unambiguous synapomorphy for the Eucestoda that 
clearly distinguishes this group (the true cestodes) from the 
Cestodaria (Gyrocotylidea and Amphilinidea) (Ehlers, 1985; 
Brooks, 1989; Justine, 1991, 1995, 1998, 2001; Bft and Mar-
chand, 1995). 
Bft and Marchand (1995) postulated the presence of crested 
body/bodies in the anterior extremity of the spermatozoon as a 
synapomorphy for the Eucestoda. Later, based on further ultra-
structural studies on the spermatozoon of cestodes, Justine 
(1998) suggested that this character should be considered a syn-
apomorphy for the Eucestoda or for part of the Eucestoda (basal 
to the Caryophyllidea, the Spathebothriidea, or the Pseudo-
phyllidea). Apart from the non-Eucestoda (Gyrocotylidea and 
Amphilinidea; see Rohde and Watson, 1986; Xylander, 1989), 
the absence of crested body/bodies was reported in the most 
basal orders of the Eucestoda, i.e., the Caryophyllidea and 
Spathebothriidea (Swiderski and Mackiewicz, 2002; Brunansk:i 
et aI., 2006). With respect to the species of Trypanorhyncha, 
crested body/bodies are absent in the mature spermatozoon of 
Dollfusiella spinulifera (Miquel and Swiderski, 2006). Also, 
these structures were not reported by Swiderski (1976) in the 
immature spermatozoa of L. tenuis or by McKerr (1985) in G. 
erinaceus. In the present study, the absence of crested body/ 
bodies is confirmed in another trypanorhynch, P. trygonis. In 
contrast, crested body/bodies are reported in the spermatozoon 
of Pseudophyllidea (except for Bothriocephalus clavibothrium 
[Swiderski and Mokhtar-Maamouri, 1980] and Diphyllobothri-
um latum [Levron et aI., 2006a]), Diphyllidea, Tetraphyllidea, 
Lecanicephalidea, Proteocephalidea, Tetrabothriidea, and Cy-
clophyllidea (see Justine, 20ot). In what refers to the remaining 
orders of Eucestoda, i.e., Haplobothriidea and Nippotaeniidea, 
data are still unavailable (see Justine, 1998, 2001). In view of 
the present results, the postulated synapomorphic value of crest-
ed bodies for the Eucestoda is questioned. 
The anterior spermatozoon extremity of P. trygonis contains 
a single axoneme partially surrounded by an arclike layer of 
submembranous cortical microtubules parallel to the hypothet-
ical spermatozoon axis. Similar anterior extremities were de-
scribed in, i.e., 1 spathebothriidean (Brunanska et aI., 2006), in 
5 pseudophyllideans (Justine, 1986; Brunanska et aI., 2002; 
Levron, Brunanska, Kuchta et aI., 2006; Levron et aI., 2006a; 
Bft et aI., 2007), in 1 Diphyllidea (Azzouz-Draoui and Mokhtar-
Maamouri, 1986/88), in 1 Trypanorhyncha (Miquel and Swid-
erski, 2006), in 5 tetraphyllideans (Mokhtar-Maamouri and 
Swiderski, 1975, 1976; Mokhtar-Maamouri, 1979, 1982; Ma-
hendrasingam et aI., 1989), in 4 proteocephalideans (Brunanska, 
Nebesafova, and Scholz, 2003; Brunanska, Scholz, and Nebes-
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FIGURE 15. Spermatozoon of Parachristianella trygonis. TEM mi-
crograph showing glycogen in several cross sections of regions II and 
III after the test of Thiery. Bar = 0.3 /Lm. 
arova, 2003; Bruiianska et a!., 2004a, 2004b), and in 2 meso-
cestoidid cyclophyllideans (Miquel et a!., 1999, 2007). Partic-
ular aspects of this character are described in the anterior sper-
matozoon extremity of 2 pseudophyllideans. These are Bothrio-
cephalus scorpii in which Levron et a!. (2006b) describe .uP to 
3 arclike layers of cortical microtubules in the anterior extrem-
ity of the spermatozoon, and Triaenophorus nodulosus (Levron 
et a!., 2005), which possesses a layer of microtubules in a spiral 
pattern forming one and a half open circles around the axo-
neme. Moreover, in the Proteocephalidea, 2 additional species, 
namely, Nomimoscolex sp. (Sene et a!., 1997) and Sandonella 
sandoni (Ba and Marchand, 1994)., possess 2 arclike layers 
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composed of 2 contiguous rows of cortical microtubules. A 
similar situation occurs in the onchobothriid tetraphyllidean 
Acanthobothrium benedenii, in which Mokhtar-Maamouri and 
Swiderski (1975) observed 2 fields of cortical microtubules. In 
view of these ultrastructural data and considering the question-
able systematic situation of mesocestoidids (see Miquel et a!., 
1999,2007; Justine, 2001; Olson et a!., 2001), the absence of 
the arc like layer of cortical microtubules could be a putative 
synapomorphy for tetrabothriideans + cyclophyllideans. 
The mature spermatozoon of P. trygonis possesses 2 longi-
tudinally displaced axonemes of the 9+' l' pattern of trepaxo-
nematans as occurs in other trypanorhynchs such as L. tenuis 
(Swiderski, 1976) and D. spinulifera (Miquel and Swiderski, 
2006). Other species that also have displaced axonemes are the 
spathebothriidean C. truncatus (Bruiianska et a!., 2006) and all 
the pseudophyllideans studied to date (Swiderski and Mokhtar-
Maamouri, 1980; Justine, 1986; Bruiianska et a!., 2002; Levron, 
Bruiianska, Kuchta et a!., 2006; Levron et a!., 2005, 2006a; Ba 
et a!., 2007). Also, in the Diphyllidea, 3 of the 4 studied species 
of Echinobothrium, namely, E. affine, E. brachysoma, and E. 
typus, show longitudinally displaced axonemes in their sperm 
cells (Azzouz-Draoui, 1985; Azzouz-Draoui and Mokhtar-Maa-
mouri, 1986/88). This character is also present in all tetraphyl-
lideans and proteocephalideans, except P. gracile and S. san-
doni (Mokhtar-Maamouri, 1979; Ba and Marchand, 1994), 
which possess a single axoneme in their spermatozoa. 
The Trypanorhyncha is a monophyletic group according to 
analyses of several morphological characters (Campbell and 
Beveridge, 1994; Beveridge et a!., 1999). However, based on 
molecular data resulting from a combined analysis of small sub-
unit and large subunit rDNA of 13 trypanorhynch species, Ol-
son et a!. (2001) infer about the possible paraphyly of Trypa-
norhyncha. Although this hypothesis is based upon a relatively 
reduced number of species, considering the 66 valid genera and 
15 families of trypanorhynchs (see Palm, 2004), the confirma-
tion or rebuttal of such possibilities could reside on a better 
database for spermatozoan characters. In fact, the usefulness 
and importance of the spermatological studies is emphasized by 
Olson et a!. (2001) who incorporate 8 ultrastructural characters 
of the spermatozoon and 3 aspects of spermiogenesis in the 
matrix of morphological characters used in the analysis of in-
terrelationships among cestodes. The currently available studies 
have so far failed to detect differences between the Lacisto-
rhynchidae and Eutetrarhynchidae families (Table I); therefore, 
an increase in trypanorhynch spermatozoan data for different 
families would be of particular interest for evaluating the in-
FIGURES 1-14. Spermatozoon of Parachristianella trygonis. (1) Longitudinal section of region I near the anterior spermatozoon extremity. Bar 
= 0.3 /Lm. (2) Detail of the anterior spermatozoon extremity. Bar = 0.3 /Lm. (3) Cross section of region I near the anterior spermatozoon extremity. 
Bar = 0.2 /Lm. (4) Cross section of region I showing the initial area of the arclike row of cortical microtubules (Cm). Bar = 0.2 /Lm. (5) Cross 
section of region I showing the arclike row constituted by 10 cortical microtubules (Cm). Bar = 0.2 /Lm. (6) Cross section of region II at the 
level of centriole of the second axoneme (C2). Ax 1, first axoneme; Cm, cortical microtubules. Bar = 0.2 /Lm. (7) Cross section of region II 
showing the presence of 4 attachment zones (Az) as a result of proximodistal fusion during spermiogenesis. Bar = 0.3 /Lm. (8) Cross section of 
distal areas of region II. Note the presence of glycogen (G). Cm, cortical microtubules. Bar = 0.3 /Lm. (9) Detail of region III showing the 
presence of attachment zones (Az) between axonemes and cortical microtubules. Bar = O. I /Lm. (10) Cross section of region III. Cm, cortical 
microtubules; G, glycogen; N, nucleus. Bar = 0.3 /Lm. (11) Longitudinal section of region III. Note the presence of a large amount of glycogen 
(G) around the nucleus (N). Bar = 0.3 /Lm. (12) Cross section of region IV at the level of the disappearance of the first axoneme. S, singlets. 
Bar = 0.3 /Lm. (13) Longitudinal section of region V showing the posterior spermatozoon extremity (Pse). Bar = 0.3 /Lm. (14) Several cross 
sections of region V showing the disorganization of the axoneme. D, doublets; S, singlets. Bar = 0.3 /Lm. 
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fraordinal relationships of this group. The integration of data 
obtained in both morphology and molecular biology studies, 
and the mutual confirmation of their results is essential to pro-
vide a valid basis for a better knowledge of systematics and 
evolution of Platyhelminthes (Hoberg, Gardner, and Campbell, 
1997; Hoberg et aI., 1999). 
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SUBLETHAL EFFECTS OF ULTRAVIOLET B RADIATION ON MIRACIDIA AND 
SPOROCYSTS OF SCHISTOSOMA MANSON/: INTRAMOLLUSCAN DEVELOPMENT, 
INFECTIVITY, AND PHOTOREACTIVATION 
Debbie S. Ruelas, Deneb Karentz, and John T. Sullivan 
Department of Biology, University of San Francisco, San Francisco, California 94117. e-mail: sullivan@usfca.edu 
ABSTRACT: Schistosoma mansoni occurs in tropical regions where levels of ultraviolet B (UVB; 290-320 run) light are elevated. 
However, the effects of UVB on parasite transmission are unknown. This study examines effects of UVB on the miracidia and 
sporocysts of S. mansoni, focusing specifically on intramolluscan development, infectivity, and the ability to photoreactivate 
(repair DNA damage using visible light). Histology revealed that miracidia irradiated with 861 J·m-2 underwent abnormal 
development after penetrating Biomphalaria glabrata snails. Total number of sporocysts in snail tissues decreased as a function 
of time postinfection (PI), among both nonirradiated and irradiated parasites; however, this decrease was greater in the latter. 
Moreover, whereas the proportion alive of nonirradiated sporocysts increased PI, that of irradiated sporocysts, i.e., derived from 
irradiated miracidia, decreased. Irradiation of miracidia with UVB resulted in decreased prevalence of patent infection (defined 
by presence of daughter sporocysts) in a dose-dependent manner, and no infections occurred at a dose of 861 J·m-2• Like many 
aquatic organisms, including the snail host, parasites were able to photoreactivate if exposed to visible light following UVB 
irradiation, even subsequent to penetrating snails. These photoreactivation results suggest cyclobutane-pyrimidine dimers in DNA 
as the primary mechanism of UVB damage, and implicate photoreactivation, rather than nucleotide excision, as the main repair 
process in S. mansoni. 
Multiple epidemiological parameters, including mortality of 
miracidia, snails, and cercariae, potentially influence transmis-
sion of Schistosoma mansoni (Anderson and May, 1985). En-
vironmental factors are likely to have an effect on such mor-
tality and, in particular, ultraviolet B (UVB) radiation (290-
320-nm wavelength) levels, which are increasing globally as a 
result of ozone depletion (WMO, 2006). In a previous study, 
we have shown that UVB has both lethal and sublethal effects 
on Biomphalaria glabrata, the snail intermediate host of S. 
mansoni. Specifically, UVB decreased survival, inhibited feed-
ing behavior, and caused morphological tissue abnormalities in 
B. glabrata; some of these effects were mitigated by photore-
activation, i.e., light-mediated DNA repair (Ruelas et aI., 2006). 
In the present study, we examine the effects of UVB on the 
miracidium and sporocyst of S. mansoni. 
Several investigators have described the effects of UV on 
larval stages of schistosomes. Using artificial uve at a wave-
length of 254 nm, Prah and James (1977) showed that expo-
sures up to 40 sec decreased locomotion, survival, and infec-
tivity of miracidia of both S. mansoni and S. haematobium as 
a function of exposure time. At exposures of 60 sec or longer, 
miracidia of S. mansoni failed to produce patent infections in 
B. pfeifferi, and these authors hypothesized that the irradiated 
miracidia were unable to penetrate snails. Similarly, Ghandour 
and Webbe (1975) described effects of artificial uve (254 nm) 
on cercariae of S. mansoni and S. haematobium. uve de-
creased cercariae motility, viability,··and survival in skin and 
lung tissue following penetration, as well as recovery of adult 
worms from rodent hosts. 
Numerous studies have addressed the efficacy of UV-atten-
uated cercariae for use in antischistosomiasis vaccines. UV-at-
tenuated cercariae of S. mansoni induce partial resistance 
against challenge cercariae (Dean et al., 1983; Ruppel et aI., 
1990; Kamiya et al., 1993). Dean et aI. (1983) demonstrated 
that cercariae treated with uve (254 nm) at 1-3 times the 
minimum lethal dose induced the highest levels of resistance. 
Received 15 February 2007; revised 26 April 2007; accepted 11 May 
2007. 
The study of Prah and James (1977) suggests that high doses 
of uve could interfere with the life cycle of S. mansoni by 
blocking infection of snails. However, this effect is not epide-
miologically relevant, inasmuch as wavelengths in the uve 
range (100-280 nm) do not reach the surface of the earth (Mad-
ronich et aI., 1998). We were interested in the more biologically 
significant UVB and, moreover, in effects of sublethal doses, 
i.e., those that do not immediately inactivate miracidia. There-
fore, we investigated the effects of a range of UVB doses on 
infectivity and of a single dose on intramolluscan development. 
Also, in view of the ability of the snail host to photoreactivate 
(Ruelas et aI., 2006), we investigated whether miracidia and 
sporocysts were able to carry out light-mediated DNA repair. 
MATERIALS AND METHODS 
Snails 
Specimens of the NIH albino strain of B. glabrata, which is suscep-
tible to infection with S. mansoni (Newton, 1955), were used in this 
investigation. Snails measured 3-5 mID in shell diameter, with the ex-
ception of the histological study, in which snails measured 5-8 mm. 
Snails were raised in aerated aquaria containing artificial pond water 
(APW) (Malek and Cheng, 1974) and fed fresh leaves of romaine let-
tuce ad libitum. 
Parasites 
Miracidia of the NMRI strain of S. mansoni were obtained from 
infected mouse livers as described previously (Sullivan et al., 2004). In 
total, 30 batches of miracidia were used during the course of this study 
UVB irradiation of miracidia 
UVB irradiation was conducted in an acrylic exposure chamber, with 
the use of 5, 12-in. fluorescent lamps (BLE-8TB02, Spectronics Corp., 
Westbury, New York) with an emission peak of 313 nm (Karentz et al., 
1991). Groups of approximately 50 or 100 miracidia of S. mansoni were 
collected with a Pasteur pipet that had been pulled to a fine tip over a 
flame, and were placed in a small drop of water in the centers of 35-
mID-diameter plastic petri dishes. The dishes, with lids removed, were 
placed on a shelf in the exposure chamber 22.9 cm below the lamps. 
The UVB fluence in this position was 5.78 W·m-2, and UVB dose 
(J·m-2) was manipUlated by regulating exposure time with an electronic 
shutter and digital timer. Nonirradiated controls were handled similarly, 
but were not exposed to UVB. 
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Exposure of snails to miracidia 
Approximately 2 ml of APW were added to the petri dish containing 
the irradiated or nonirradiated miracidia. A snail was put in the dish, 
and the lid was replaced. Snails were exposed to miracidia overnight at 
23-27 C and were then transferred to APW, either 500 ml in screw 
capped jars, or 2 L in covered rectangular plastic containers (depending 
on the number of snails), provided with lettuce, and maintained in an 
incubator at 27 C. Exposure of snails to miracidia and their subsequent 
incubation were performed in the dark to prevent photoreactivation by 
the parasites, except as noted below. 
Histological fate of irradiated miracidia 
Snails were individually exposed to groups of 100 miracidia of S. 
mansoni that had been irradiated with 861 J·m-2 • This level of UVB 
was chosen because it was found to be the lowest dose that completely 
blocked patent infection in snails (see below). Snails exposed to 100 
nonirradiated miracidia served as controls. 
At 1, 3, 7, or 14 days postinfection (PI), snails were dissected from 
their shells and the headfoot was fixed in Bouin's fluid. Only the head-
foot was examined because most miracidia of S. mansoni penetrate this 
region (Maldonado and Matienzo, 1947). For this study, multiple batch-
es of miracidia were used, exposing 3-12 snailslbatch, until 5 snails 
had been fixed for each treatment category. Following removal of picric 
acid, tissues were dehydrated in an alcohol-xylene series, embedded in 
paraffin, serially sectioned at 7 /-Lm, mounted on glass microscope slides, 
and stained with Delafield's hematoxylin and eosin. Sections were ex-
amined for the presence of primary sporocysts, and the total number of 
living or dead sporocysts (as defined by the presence or absence of 1 
or more germinal cells that possessed a nucleus with a recognizable 
nucleolus) was recorded for each snail. 
Dose response 
Groups of 50 miracidia were irradiated with 1 of the following doses 
of UVB: 0 (nonirradiated controls), 150, 300, 578, or 861 J·m-2. Typ-
ically, for a particular batch of miracidia only several of these doses 
were tested, with 10 groups of miracidia/dose. Snails were then indi-
vidually exposed to miracidia and subsequently incubated at 27 C in 
the dark, as described above. Beginning at 14 days PI, snails were 
examined for infection with a dissecting microscope, and those with 
daughter sporocysts observed through the shell (Sullivan and Spence, 
1999) were counted as infected. For cases in which infection was not 
obvious, snails were dissected from their shells and tissue squashes were 
examined microscopically by the method of Sullivan et al. (1981), be-
ginning at 21 days PI. This procedure was replicated until at least 50 
snails had been examined at each UVB dose. 
Photoreactivation 
To assess the ability of S. mansoni to repair damaged DNA thro"iIgh. 
light-dependent processes, groups of 50 miracidia were irradiated with 
861 J·m-2 • Snails were infected with these miracidia in the same manner 
as previously described, except that exposure of snails to miracidia and 
their subsequent incubation were performed under constant illumination 
by a 60-W white fluorescent light. The light was positioned in the in-
cubator approximately 14 cm above the petri dishes holding the snails 
and miracidia. Snails were subsequently incubated in rectangular con-
tainers covered with clear acrylic lids, aI1tl' the light was positioned 
approximately 8 cm above the water surface of these containers. Con-
tainers were kept in this position for at least 2 wk before being moved 
to a lower shelf of the incubator to make room for subsequent groups 
of exposed snails. Snails were monitored for infection as described 
above, except that apparently uninfected snails were dissected from their 
shells at 6 wk PI and were examined for infection under a dissecting 
microscope, without squashing. Those with yellow discoloration of the 
digestive gland, indicating daughter sporocysts (Sullivan and Spence, 
1999), or that were shedding cercariae, were counted as infected. 
Sporocyst rescue 
The purpose of this experiment was to determine whether sporocysts 
rendered noninfective by UVB exposure of miracidia could undergo 
photoreactivation and commence development ("rescue") while inside 
snail tissues. Miracidia of S. mansoni were irradiated with 861 J·m-2 
and used to infect snails in the dark. After 1, 3, 7, or 14 days incubation 
in the dark, snails were placed under continuous fluorescent light and 
subsequently examined for infection, as described in the preceding sec-
tion. 
As a control for photoreactivation, 10 groups of 10 snails were ex-
posed to irradiated miracidia in the dark. These snails then were incu-
bated in the dark for the entire 6 wk prior to dissection, thereby pre-
cluding photoreactivation by the parasite. 
Statistical analysis 
Means of prevalence of infection from the dose-response, photore-
activation, and rescue studies, as well as means of total numbers of 
sporocysts and proportion of viable sporocysts in histological sections 
at different times PI, were each subjected to I-way analysis of variance 
(ANOV A). When differences were found to be statistically significant 
(P < 0.05), individual means were then compared with the Student-
Newman-Keuls test, with the use of Statmost software (DataMost 
Corp., Salt Lake City, Utah). 
RESULTS 
HistOlogical fate of irradiated miracidia 
Sporocysts were found in all 20 control snails exposed to 
nonirradiated miracidia and fixed at 1-14 days PI (Fig. 1). 
These sporocysts showed development consistent with that pre-
viously described (Maldonado and Matienzo, 1947; Sullivan 
and Richards, 1981). At 1 day PI, mother sporocysts were sim-
ilar in size and appearance to miracidia, and some seemed to 
be actively migrating through snail tissues (Fig. lA). By 3 days, 
sporocysts had enlarged, showed transverse constrictions indic-
ative of elongation and folding, and possessed increased num-
bers of germinal cells (Fig. IB). At 7 days, further growth had 
occurred, and mother sporocysts contained germ balls (Fig. 1 C). 
Finally, l4-day-old mother sporocysts were considerably larger 
and were filled with daughter sporocysts in various stages of 
development (Fig. lD). At this point, it became difficult to dis-
tinguish newly released daughter sporocysts from possible un-
developed or degenerating mother sporocysts. Dead sporocysts 
were seen at 1 and 3 days PI (a total of 54 of 326, and 11 of 
163, respectively) and, in all cases, these were not surrounded 
by a hemocytic reaction. 
Recognizable sporocysts were found in 19 of 20 snails ex-
posed to irradiated miracidia and fixed at 1-14 days PI, with 
the sole negative snail having been fixed at 14 days PI. Intra-
molluscan development of these irradiated sporocysts, i.e., spo-
rocysts derived from irradiated miracidia, was abnormal when 
compared to that of nonirradiated parasites. At early time pe-
riods, many sporocysts were similar in size and shape to mi-
racidia, but also contained numerous pyknotic nuclei (Fig. 2A). 
At hiter time periods, most sporocysts appeared retarded or re-
duced in size, although some possessed viable germinal cells 
(Fig. 2B). However, in those sporocysts, the number of ger-
minal cells did not appear to have increased. Finally, degener-
ating (germinal cells lacking nucleoli), amorphous (lacking cel-
lular organization) (Fig. 2C), and destroyed (undergoing phago-
cytosis) (Fig. 2D) sporocysts were also seen, similar to those 
described by Sullivan and Richards (1981) in nonsusceptible 
snails. Varying degrees of encapsulation by flattened hemocytes 
occurred around retarded, degenerating, and amorphous spo-
rocysts (Fig. 2C). No clear progression from one stage of de-
terioration to another occurred as a function of time PI, but 
rather a mixture of stages was found at each interval and often 
within individual snails. 
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FIGURE 1. Nonirradiated Schistosoma mansoni within headfoot tissues of the snail host, Biomphalaria glabrata, at 1, 3, 7, or 14 days post-
infection (PI). (A) Mother sporocyst migrating at I day PI showing normal germinal cells (GC). (B) Growing mother sporocyst with transverse 
constrictions (TC) and germinal cells (GC), 3 days PI. (C) Enlarged mother sporocyst with an increased number of transverse constrictions (TC) 
and with germ balls (GB), some of which are elongating, 7 days PI. (D) Portion of a mother sporocyst containing numerous daughter sporocysts 
(DS), 14 days PI. 
Total numbers of sporocysts decreased both in control snails 
and in snails exposed to irradiated miracidia as a function of 
time PI (Fig. 3). An average of 65 sporocysts were found in 
control snails at 1 day PI. Statistically significant decreases oc-
curred between 1 and 3 and, again b~tween 3 and 7 days, PI. 
However, numbers of sporocysts did not decrease thereafter. In 
snails exposed to irradiated miracidia, an average of 25 spo-
rocysts were found at 1 day PI. Although decreases between 
consecutive time periods were not statistically significant, sig-
nificantly fewer sporocysts occurred at 7 and 14 days PI than 
at day 1, and significantly fewer occurred at 14 days PI than at 
3 days. When total numbers of nonirradiated and irradiated spo-
rocysts were compared at corresponding times PI, significantly 
fewer of the latter occurred at 1, 3, and 14 days PI. 
The proportion of viable non irradiated sporocysts increased 
significantly between 1 and 3 days PI, and again between 3 and 
7 days PI, and all remaining sporocysts were viable at 7 and 
14 days PI (Fig. 4). Conversely, among UYB-exposed parasites, 
the proportion of viable sporocysts decreased rapidly from 1 to 
7 days PI, with a significantly lower proportion of survivors at 
7 and 14 days than at 1 and 3 days PI. When nonirradiated and 
UYB-exposed parasites were compared at corresponding times 
P(·significantly lower proportions of viable sporocysts occurred 
in the latter at all time periods. 
Dose response 
Snails exposed to irradiated miracidia showed decreased 
prevalences of infection at doses above 150 J·m- 2 when com-
pared with snails exposed to non irradiated miracidia (Fig. 5) . 
These decreases were statistically significant at 578 J ·m- 2 and 
861 J·m-2 , with no infections occurring at the latter dose. 
Photoreactivation 
Among 100 control snails exposed to irradiated miracidia and 
incubated in the dark for 6 wk, only 2 of 86 survivors possessed 
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FIGURE 2. Development of UVB-irradiated miracidia of Schistosoma mansoni within tissues of the snail host, Biomphalaria glabrata, at 
various days postinfection (PI). (A) Degenerating sporocyst (Dg) containing pyknotic nuclei (PN), 1 day PI. Note absence of encapsulating 
hemocytes. (B) Retarded sporocyst (Re) containing germinal cells (GC), 3 days PI. Note absence of encapsulating hemocytes. (C) Amorphous 
sporocyst (Am) surrounded by flattened hemocytes (H), 3 days PI. (D) Destroyed sporocyst (De) that has broken into eosinophilic bodies (EB) 
undergoing phagocytosis by hemocytes (H), 1 day PI. All stages could be found at each time interval. 
daughter sporocysts. One of these infected snails showed 1 spo-
rocyst in the mantle and a second in the ventricle of the heart 
that were visible through the shell, but none in the digestive 
gland. However, when snails were placed under white light dur-
ing and following exposure to UVB-irradiated miracidia, there-
by allowing parasites to photoreactiv"are, significantly higher 
prevalences of infection occurred (0 dark-incubation time, Fig. 
6). 
Sporocyst rescue 
Not only were parasites able to photoreactivate when ex-
posed to white light immediately following UVB irradiation, 
some were able to initiate photoreactivation at 1 and 3 days 
postirradiation with 861 J'm- 2 while inside the snails (Fig. 6) . 
However, the prevalence of infection decreased significantly af-
ter a I-day delay in exposure to photoreactivating light condi-
tions, and again after a 3-day delay. Apparently very few spo-
rocysts were still capable of photoreactivation if maintained in 
the dark for 7 or 14 days prior to light exposure, inasmuch as 
infection prevalences in these groups did not differ from snails 
kept in the dark for 6 wk. 
Occasionally, rescued mother sporocysts occurred in a visible 
location, e.g., the tentacle or mantle wall. These appeared to 
develop more slowly than nonirradiated sporocysts. Although 
we did not examine snail digestive glands under the dissecting 
microscope for the presence of daughter sporocysts on a daily 
basis, obvious daughters seemed to take approximately 1 wk 
longer to develop from UVB-irradiated miracidia than from 
nonirradiated miracidia, which typically gave rise to conspicu-
ous daughter sporocysts in the digestive gland by 18 days PI. 
We encountered 1 set of anomalous data in this study. Spe-
cifically, 2 groups of 10 snails both exposed to a single batch 
of UV-irradiated miracidia, and incubated in the dark for 1 wk 
before being exposed to light, showed abnormally high infec-
tion prevalences (100 and 70%), whereas among the previous 
4 groups of snails treated in this manner only a single infection 
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marked with different letters are statistically significant, based on mul-
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had occurred (2.5% prevalence). Because these high prevalenc-
es were similar to those seen with nonirradiated miracidia, and 
occurred in the 2 groups on the same day, we suspected ex-
perimental error, possibly a failure to remove a protective card-
board shield overlying the UVB filter prior to irradiation. There-
fore, this entire data set (6 groups of 10 snails) was discarded 
and the l-wk rescue study was repeated with 7 new groups of 
snails. Among 69 survivors, 3 became infected (4.3%), a result 
consistent with our interpretation of the anomalous data (Fig. 
6). 
DISCUSSION 
Histological fate of irradiated miracidia 
Prah and James (1977) hypothesized that uve prevented in-
fection of snails with S. mansoni and S. haematobium by block-
ing penetration of miracidia, "but once the snail was penetrated 
development proceeded normally." However, our histological 
data clearly show that miracidia irradiated with a UVB dose 
that prevented patent infection (861 J·m2) were still able to pen-
etrate B. glabrata, albeit in lower numbers than nonirradiated 
miracidia. Among 15 snails exposed-to irradiated miracidia and 
examined histologically at 1, 3, and 7 days PI, all contained 
sporocysts. We have observed complete failure to penetrate 
only at a dose of 3,000 J·m-2 (data not shown). The difference 
between their results and ours could be due to differences in 
UV wavelength of the dose (since uve wavelengths are more 
energetic than UVB, and uve radiation is more strongly ab-
sorbed by DNA), or the fact that they did not examine snails 
histologically. 
Once inside the snail, parasites irradiated with 861 J·m-2 
UVB underwent degenerative changes such as formation of 
pyknotic nuclei, shrinkage, and loss of cellular organization. 
Furthermore, many sporocysts became surrounded by layers of 
flattened hemocytes and some underwent fragmentation and 
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germinal cell with nucleolus. Differences between values marked with 
different letters are statistically significant, based on multiple compari-
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0.05). 
phagocytosis (Fig. 2). The fact that all of these stages could be 
found in a single snail suggests variability in the amount of 
UVB damage, in the capacity for repair, or both, in individual 
larvae. 
Previous descriptions of the fate of irradiated miracidia have 
been based on exposure to ionizing radiation. Whereas gamma-
irradiated miracidia of Echinostoma lindoense and Schistoso-
matium douthitti elongate and form a hollow brood chamber 
(Lie et aI., 1975; Loker, 1978), UVB-irradiated miracidia of S. 
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mansoni as a function of dose. Beginning at 14 days postinfection, 
snails were examined for the presence of daughter sporocysts. N = 6 
groups of 10 snails. Differences between values marked with different 
letters are statistically significant, based on multiple comparisons among 
all means by the Student-Newman-Keuls procedure (P < 0.05) . 
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mansoni do not elongate, as suggested by the absence of trans-
verse constrictions in histological sections, and do not form a 
brood chamber. 
The observation of some irradiated sporocysts surrounded by 
hemocytes raises the question of whether sporocysts are killed 
by DVB-induced damage, or by an immune response against 
weakened parasites. Healthy sporocysts release excretory/secre-
tory product (ESP) that inhibits hemocyte function (Lodes et 
aI., 1991). Perhaps DVB-damaged sporocysts are unable to pro-
duce ESp, thereby becoming vulnerable to hemocyte-mediated 
killing. However, our observation of dead unencapsulated spo-
rocysts (Fig. 2A) suggests that sporocyst mortality may occur 
in the absence of a cellular immune response. 
Interestingly, only a proportion (65%) of the 100 nonirradi-
ated miracidia penetrated snail headfoot tissues, based on spo-
rocyst counts at I day PI. Those penetrating other exposed tis-
sues, e.g., the mantle collar and mantle, would not have been 
observed in our study. This phenomenon, i.e., that not all mi-
racidia to which a snail is exposed actually penetrate, has been 
reported previously (Newton, 1952; Sullivan and Richards, 
1981). As one would expect, a significantly lower proportion 
of DVB-irradiated miracidia penetrated snails. 
Not only do just a proportion of control miracidia penetrate, 
but also only a proportion of mother sporocysts subsequently 
develop. Specifically, an average of 65 nonirradiated sporocysts 
are found per control snail at I day PI, but only 14 and 15 are 
found at 7 and 14 days PI, respectively. Richards (1975) de-
scribed a similar threshold effect, wherein only 4 or 5 mother 
sporocysts developed in individual snails, with excess sporo-
cysts becoming encapsulated and killed. However, in our study, 
approximately 3 times that many nonirradiated mother sporo-
cysts survived, and there was no evidence of encapsulation and 
killing in histological sections. The lack of encapsulation re-
actions raises the question of what happens to the missing spo-
rocysts. Possibly, they degenerated and were rapidly absorbed 
in between the first 2 sampling times. 
In the case of UVB-irradiated parasites, the decline in total 
numbers of sporocysts in snail tissues is clearly due to the high 
proportion of dead sporocysts at each time period, which are 
presumably quickly removed by phagocytic cells or that .be-
come too inconspicuous to find in histological sections. 
Dose response 
Based on our histological data, we conclude that the ob-
served dose-dependent decrease in infectivity of S. mansoni is 
a result of damage to somatic and ge];minal cells of the mira-
cidia, resulting in interference with both penetration and intra-
molluscan development. DVB affects cells of aquatic organisms 
by damaging DNA, as well as proteins, lipids, and chromo-
phores (Hader and Sinha, 2005). These effects may be either 
direct or indirect, as a result of photo-oxidation in the surround-
ing water (reviewed by Karentz et aI., 1994). DVB causes the 
most deleterious effects in the form of DNA lesions, mainly 
the formation of cyclobutane-pyrimidine dimers (CPDs) (We-
ber, 2005). These bulky adducts, which form between 2 adja-
cent pyrimidine bases, halt DNA and RNA polymerase activity. 
In our study, a dose of 861 J'm-2 completely blocked for-
mation of daughter sporocysts by 21 days PI. Although this 
dose cannot be equated to that received under natural conditions 
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(see Ruelas et aI., 2006), Prah and James (1977) have shown 
that sunlight can damage miracidia. Specifically, exposure to 1 
hr of natural sunlight at temperate latitudes renders all miracidia 
of S. haematobium "lethargic," and a 3-hr exposure causes 
100% mortality. 
Photoreactivation 
Control snails exposed to groups of 50 DVB-irradiated (861 
J·m-2) miracidia and maintained in continuous darkness for 6 
wk failed to become infected with daughter sporocysts, with 
the exception of 2 snails. These results are in agreement with 
those obtained by tissue squashes at 21 days PI in the dose-
response study. In contrast, exposure to fluorescent white light 
immediately after irradiation usually restored infectivity in at 
least 1 of the 50 miracidia in each group. It is unknown how 
many of the miracidia became infective, inasmuch as only 1 
healthy miracidium is needed to establish a patent infection in 
the snail host. These data reflect the capacity of S. mansoni to 
repair damaged DNA by photoreactivation. Dnlike nucleotide 
exci~ion repair, which requires a number of enzymes to remove 
damaged sections of DNA followed by replacement and liga-
tion, photoreactivation involves a single enzyme, photolyase. 
Photolyase binds to the DNA lesion in a light-independent step; 
activation of the enzyme results in monomerization of pyrimi-
dine dimers, which is initiated by DV A (320-400 nm) or blue 
light (400-500 nm). Photoreactivation is likely the oldest and 
simplest form of DNA repair, and is widespread in aquatic or-
ganisms, such as prokaryotes, protists, lower eukaryotes, plants, 
and insects, but is absent in placental mammals, including hu-
mans (Weber, 2005). Recently, analysis of the transcriptome of 
S. mansoni (Verjovski-Almeida et aI., 2003, 2007) has revealed 
photolyase expression in the egg (CD 120736), germball 
(CDI30306, CDI30379, CD130400, CDI36865), cercaria 
(CD085548, CD085601), and adult (CD073495, CD079042) 
stages (http://verjo18.iq.usp.br/~thiago/ Agilent-schisto/cgi-binl 
agilentSearch.pl). 
The significant increase in infection prevalence observed un-
der photoreactivating light conditions suggests that the negative 
effects of UVB on infectivity result mainly from formation of 
pyrimidine dimers in DNA, rather than other types of DNA 
damage or damage to other macromolecules, repair of which 
would not be enhanced by visible light (Ruelas et aI., 2006). 
As hypothesized previously for B. glabrata (Ruelas et aI., 
2006), these results also support photoreactivation as a primary 
mechanism for repair of UVB-induced DNA damage, rather 
than nucleotide excision repair, which may have occurred in 
nonphotoreactivating (dark-exposed) miracidia and sporocysts, 
but which by itself failed to restore infectivity by 6 wk PI. 
Sporocyst rescue 
Although it is perhaps not surprising that miracidia, like other 
aquatic organisms, are able to photoreactivate if exposed to vis-
ible light immediately following UVB irradiation, we found it 
interesting that photoreactivation could be delayed up to 3 days, 
and, moreover, could be stimulated by visible light transmitted 
through snail tissues. However, at 7 and 14 days, very little 
rescue occurred. By this time, unrepaired DNA damage may 
have caused so much cell death that recovery of most sporo-
cysts was no longer possible, even though our histological data 
showed the presence of viable irradiated sporocysts in 3 out of 
5 snails at both 7 and 14 days PI, using the criterion of a single 
germinal cell with nucleolus to define viability. The observation 
that sporocysts can photoreactivate inside the snail suggests that 
some of the increase in infection prevalence seen with contin-
uous light exposure of miracidia and snails, described in the 
preceding section, is due to this process, in addition to possible 
photoreactivation by miracidia. Although we did not test the 
photoreactivation capability of miracidia alone, such a study 
might be problematic because of their brief life span and rapid 
decline in infectivity with age (Anderson et aI., 1982). 
As in our prior study of the effects of UVB on B. glabrata 
(Ruelas et aI., 2006), we recognize that the UV light source 
used in this study did not simulate the spectral quality of llatural 
sunlight where UVB intensity increases with increasing wave-
length. The artificial radiation in our experiments spanned the 
UVB waveband, but had a peak emission of 313 nm (Karentz 
et aI., 1991). Nevertheless, this laboratory system provided an 
opportunity to quantify photobiological effects of UVB on S. 
mansoni under controlled conditions that cannot be achieved in 
nature, where UVB fluences are continually fluctuating relative 
to weather conditions and time of day. 
In conclusion, although obviously not preventing transmis-
sion of schistosomiasis in the tropics, UVB nonetheless could 
potentially influence its epidemiology, not only by lethal and 
sublethal effects on the snail intermediate host, B. glabrata 
(Ruelas et aI., 2006), but also by decreasing the infectivity of 
miracidia. Conceivably, these effects may become more impor-
tant with increased ozone depletion, which increases the amount 
UVB in sunlight that reaches the surface of the earth (Madron-
ich et aI., 1998). Interestingly, the ranges of doses of artificial 
UVB that cause deleterious effects on snails and parasites over-
lap. Specifically, survival of B. glabrata decreases over a range 
of 500-1,500 J·m-2 (Ruelas et aI., 2006), whereas infectivity of 
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S. mansoni decreases over a range of 300-861 J·m-2 • However, 
because both snails and miracidia can phototreactivate, these 
effects may be mitigated to some extent in nature, where they 
are exposed to UVB and visible light simultaneously. 
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LONG-TERM ANALYSIS OF CHARLIE'S POND: FECUNDITY AND TREMATODE 
COMMUNITIES OF HELISOMA ANCEPS 
N. J. Negovetich* and G. W. Esch 
Department of Biology, Wake Forest University, Winston-Salem, North Carolina 27109. e-mail: nicholas.negovetich@stjude.org 
ABSTRACT: Charlie's Pond (North Carolina) harbors a diverse community of trematodes that infect the planorbid snail Helisoma 
anceps. Research at the Pond began in 1984 and serves as a foundation on which to investigate long-term changes in trematode 
communities. In 2002, 2005, and 2006 average size and fecundity of H. anceps were calculated each month, and seasonal trends 
analyzed with randomization tests. Concomitantly, trematode infections were recorded, and the community composition compared 
to those from previous studies. Helisoma anceps in 2002, 2005, and 2006 were smaller and less fecund than snails in 1984. The 
trematode community was consistently diverse, with 11 species recovered in 2006 versus 7 in 1984. However, the prevalence of 
Halipegus occidualis was much lower than previously observed (60% in 1984) and never exceeded 20% during the latter years. 
The decline of emergent vegetation is likely contributing to these changes. Aquatic macrophytes increase the surface area for 
growth of periphyton, the food source of these snails. Limited food supplies result in lower snail growth rates and fecundity. 
Similarly, emergent vegetation creates foci of transmission for H. occidualis between the frog definitive host and the snail 
intermediate host. When these areas are lost from the Pond, probability of transmission is reduced, and prevalence in the snail 
declines. 
Wisniewski (1958) established that the character of a lake, 
with special reference to the trophic status, will determine the 
presence and abundance of its parasites primarily by influencing 
the availability of suitable hosts. Others continued his work by 
examining the relationship of trophic status of the lake and the 
parasite fauna (Chubb, 1963; Esch, 1971; Wootten, 1973; 
Leong and Holmes, 1981). In all of these studies the patterns 
of predator-prey and aquatic-terrestrial interactions, as deter-
mined by the presence and absence of various host species, 
ultimately govern the nature of the parasite fauna in a lake. 
Few studies have examined the parasite community of a sin-
gle aquatic system over an extended period of time. A review 
of the limited literature reveals that changes in habitat can in 
fact alter the parasite community. In Gull Lake, Michigan, for 
example, eutrophication created anoxic conditions in the hy-
polimnion and drove the burrowing mayfly Hexagenia limbata 
into the shallow littoral zone (Esch et aI., 1986). As a result, 
recruitment of Crepidostomum cooperi increased in H. limbata; 
thus, new infection loci were formed. The cessation of nutrient 
loading returned the lake to pre-eutrophic conditions, with the 
loss of the infection loci as H. limbata returned to deeper water 
thereby restricting C. coo peri recruitment (Marcogliese .et al., 
1990). 
The plains killifish, Fundulus zebrinus, was studied over a 
14-yr period in the South Platte River, Nebraska (Janovy et aI., 
1997). During the survey the river experienced a period of high 
streamflow that altered the trematode communities. Unlike Gull 
Lake, this environmental perturbation disrupted transmission 
success for a number of parasite species. Specifically, swift cur-
rents reduced the number of cercariae and snails present in the 
river. Moreover, the swimming behavior of cercariae was im-
paired. Parasite prevalence, abundance, and species diversity 
decreased in F. zebrinus, but they returned to predisturbance 
status once normal stream flow was restored. 
Host colonization and changes in host population size have 
also been implicated in altering parasite communities. In Be-
Received 9 February 2007; revised 1 May 2007; accepted 23 May 
2007. 
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lews Lake, North Carolina, the introduction of red shiners in-
hibited the autumn transmission of Bothriocephalus acheilog-
nathi to copepod intermediate hosts by decreasing the overall 
size of zooplankton in the reservoir (Marcogliese and Esch, 
1989). Similarly, large populations of rudd, Scardinius eryth-
rophthalmus, in the Slapton Ley limited the population size of 
roach, Rutilus rutilus (Kennedy et al., 2001). Following a mas-
sive winterkill of rudd, the roach population experienced ex-
plosive growth, and the plerocercoid of Ligula intestinalis 
reached high prevalence. Parasite-induced host mortality of 
roach permitted the rudd popUlation to recover, thus returning 
the system to pre-winterkill status. 
Research at Charlie's Pond, North Carolina, began in 1984 
(Crews and Esch, 1986). Since then, the snail Physa gyrina, 
water snakes (Nerodea sp.), beaver (Castor canadensis), musk-
rats (Ondatra zibethicus), yellow-bellied sliders (Trachemys 
scripta), and snapping turtles (Chelydra serpentinai) have col-
onized the Pond (Esch et aI., 1997). More recently, otters (Lutra 
canadensis) have been seen feeding in the Pond, and geese 
(Branta canadensis) are regular visitors (N. Negovetich, pers. 
obs.). Each addition can potentially introduce more trematode 
species into the Pond. For example, Halipegus eccentricus ap-
peared in the Pond shortly after the colonization by P. gyrina 
(Goater, 1989). 
The physical appearance of the Pond has also experienced 
changes. Most notable was the reduction in emergent vegeta-
tion. One area contained a stand of Typha sp. during the Crews 
and Esch study (1986), but has since become devoid of vege-
tation. Other locations within the Pond have seen a general 
decrease in the quantity of vegetation in recent years. Loss of 
vegetation can have a profound impact on the snail population 
by decreasing the available food supply in the Pond (Jeffries, 
1993; Jones et aI., 1999). In the laboratory, low-nutrient diets 
have been implicated in reducing overall size of snails and de-
creasing their fecundity (Keas and Esch, 1997); reciprocal 
transfer experiments on Lymnaea spp. from 2 different ponds 
support this claim (Brown et aI., 1985; Byrne et aI., 1989; Lam 
and Calow, 1989). Moreover, there can be losses of infection 
loci, which are associated with emergent vegetation (Zelmer et 
al., 1999). 
Based on the abundant information available from the last 
22 yr, the current study was designed to examine the long-term 
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FIGURE 1. Map of Charlie's Pond showing the various collecting 
sites in the pond. The Pond is spring fed, and water levels are main-
tained by a drainpipe along the dam. 
changes in the trematode community of the planorbid snail Hel-
isoma anceps. Two specific hypotheses are tested. First, based 
on the decline in emergent vegetation, it is predicted that snails 
will be smaller and less fecund than those from previous years. 
Second, the dominant trematode species Halipegus occidualis 
is predicted to have a lower prevalence in recent years. 
METHODS 
Charlie's Pond is approximately 1 ha in size and is located in Stokes 
County, North Carolina. It has been previously described by Crews and 
Esch (1986). In 2002, 2005, and 2006 snail collections were made fol-
lowing similar protocols. To maintain random sampling, a dip net was 
used to collect the top most level of the sul],$'atum. The leaf litter and 
pond vegetation were then transferred to a wooden sieve with a wire 
mesh screen of 3 mm. The samples were carefully screened, and all H. 
aneeps were collected regardless of size. 
In 2002, 24 snails were collected bimonthly from each of 2 locations, 
i.e., the northwest cove (NWC) and the east side (ES) of the Pond (Fig. 
1). These snails were returned to the lab, isolated in 55-mm fingerbowls, 
and their diameter measured to the nearest 0.05 mm. After 72 hr, the 
fingerbowls were examined for the presence of cercariae. A concerted 
effort was made to identify cercariae to species level. To prevent count-
ing and capturing the same snails each week, snails were marked with 
enamel model paint, numbered with indelible ink, and returned to their 
site of capture in the Pond. 
In 2005 and 2006 bimonthly collections from NWC and ES were 
made. Unlike 2002, snails were collected for 1 hr to standardize sam-
pling effort. As before, snails were isolated, measured, marked, and 
returned to the Pond. Previously marked individuals were recaptured 
during the collection period, but to maintain proper comparison to 1984 
and 2002, recaptured snails were not included in the size or trematode 
community analysis. 
Fecundity was measured weekly in 1984 (Crews and Esch, 1986), 
2002 (Negovetich, 2003), 2005, and 2006. To measure reproductive 
output, snails were collected from the littoral zone and placed in indi-
vidual jars, which contained holes to permit water movement. The jars 
were held in a reproduction platform (Negovetich, 2003) and placed in 
the Pond at least 1 wk before snails were added. The platforms were 
submerged to a depth of approximately 5 cm at ES. After 1 wk of 
isolation, snails were returned to the lab, measured to the nearest 0.05 
mm, and isolated in 55-mm fingerbowls. The reproduction jars were 
examined for egg masses. The total number of eggs for each snail was 
recorded. The snails were examined 72 hr after isolation, and presence 
of cercariae was recorded. In 2002 snails were collected from the littoral 
zone along the dam (D). Snails from the NWC and ES were used for 
the reproduction experiment in 2005 and 2006. 
Raw data from 1984 were obtained to maintain consistency in the 
analysis. For example, all fecundity was normalized to eggs per week, 
and only patent infections were analyzed. Thus, some discrepancy may 
exist between the results from 1984 (Crews and Esch, 1986) and the 
present study. Weekly data for all collection sites were pooled to in-
crease sample size for each month. 
Randomizations tests were performed to detect significant differences 
between the years (Manly, 1991). These analyses are powerful when 
comparing samples of unequal sizes, distributions, and variances (Man-
ly, 1991; Crowley, 1992). To test for size differences, the size data were 
shuffled for each month regardless of year. After each shuffle, the av-
erage monthly size for each year was computed and compared to the 
difference in monthly average size between years. For example, the 
difference in average size in March between 1984 and 2006 was cal-
culated before the randomization tests. This difference served as the test 
value. The snail sizes for March were then shuffled, thus randomizing 
the size data and permitting randomized averages for 1984 and 2006. 
The difference between the randomized averages was then compared to 
the nonrandomized difference, and a count of those differences that 
were greater than or equal to the observed difference was recorded. The 
P-value is this count divided by the number of replicates, i.e., 10,000 
in this experiment. Prevalence of H. oecidualis was compared in a sim-
ilar manner. Instead of shuffling size data, the binary value (infected or 
uninfected) was shuffled within each month. Averages of the binary 
data are prevalences, and the test statistics were the differences in prev-
alence between the year. Additionally, randomization tests were per-
formed on snails used in the reproduction experiment. For these anal-
yses, only those snails lacking a patent infection were included. Mean 
fecundity (eggs/week), number of snails that laid eggs (= % reproduc-
tively active), and mean size of snails were compared. Randomization 
tests were performed with PopTools 2.6.6 (Hood, 2005). 
RESULTS 
The population of H. anceps at Charlie's Pond exhibited sim-
ilar seasonal dynamics in all years (Fig. 2). Turnover of the 
population begins in June and is completed by August. Overall, 
snails were larger in 1984 than in later years (Fig. 2). Random-
ization tests show that monthly averages were significantly dif-
ferent (P S 0.05) for each year except for the following com-
parisons: May 2002 and 2005 (P = 0.20), August 2005 and 
2006 (P = 0.10), September 2002 and 2006 (P = 0.16), and 
October 2002 and 2006 (P = 0.22). 
Fecundity was determined in 1984, 2002, 2005, and 2006. 
Because parasitic castration occurs in those snails infected with 
H. occidualis, and snails were not crushed to reveal prepatent 
infections, only snails that lacked patent infections were in-
cluded in the fecundity analysis (Fig. 3). Randomization tests 
were used to test for significant differences in mean fecundity 
within months. Those months that did not reveal significant 
differences include June (1984 = 2006, P = 0.11; 2002 = 2005, 
P = 0.33), July (2002 = 2006, P = 0.64), August (1984 = 
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FIGURE 2. Average monthly size of Helisoma anceps in 1984,2002, 
2005, and 2006. Circled values within a month are not significantly 
different. 
2005, P = 0.24; 1984 = 2006, P = 0.20; 2002 = 2005, P = 
0.33), September (1984 = 2005, P = 0.82; 2002 = 2006, P = 
0.20), and October (2002 = 2005, P = 0.89). The percentage 
of snails that were reproductively active (=Iaid eggs) was also 
investigated (Fig. 4). With randomization tests, differences were 
observed in June (2006 > 2002, P = 0.045), July ({ 1984, 
2006) > 2002 > 2005, P :s 0.03 for all), August (2006 > 
1984, P = 0.049), September ({ 2002, 2006) > {1984, 2005}, 
P :s 0.02), and October (2006 > {2002, 2005}, P :s 0.03). 
Finally, the sizes of snails used in the reproduction experiment 
were compared (Fig. 5). No difference was observed in April 
(2002 = 2006, P = 0.46), May (2002 = 2006, P = 0.19), June 
(2005 = 2006, P = 0.45), July (1984 = 2006, P = 0.17; 2002 
= 2005, P = 0.22), September (1984 = 2005, P = 0.10), and 
October (2002 = 2006, P = 0.88). 
The trematode community infecting H. anceps is diverse (Ta-
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FIGURE 3. Mean fecundity of un infected Helisoma anceps for each 
month. Circled values within a month are not significantly different. 
x.. , 
80 " , 
x , 
70 
20 
, 
, 
, 
, / 
, / 
, / 
X 
, / 
'. 
/ 
'.\ 
.~\ 
'. \ 
'. '. 
". '. 
~ \ 
" ........ 
--+-1984 - --·2002 
...... 2005 - >( - 2006 
, 
, 
, 
-.~:(J 
" ~, 
. ., 
\ , 
. , 
\ , 
\'x 10 
oL-----~----~----~----~~··--~----~----~~~ 
Mar Apr May Jun Jul Aug Sep Oct 
Month 
FIGURE 4. Percentage of reproductively active, uninfected Helison:a 
anceps in the population each month. In 2005 the average stze of snails 
placed in the reproduction chambers was 6.35 mm, and probably n<;>t 
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ble I). Of the autogenic species, only H. occidualis was ob-
served in every year in which a survey was performed. Me-
galodiscus temperatus was collected in all years except 1984, 
but because of its close morphological similarity to Zygocotyle 
lunata, misidentification of the 2 species was likely. Based on 
second intermediate host specificity (Snyder and Janovy, 1994, 
1996; Wetzel and Esch, 1996), the cercariae identified as Hae-
matoloechus longiplexus may actually be Haematoloechus me-
dioplexus (see Snyder and Janovy, 1994, 1996). A few spiror-
chiids were observed. From 1988 to 2002, no distinction or 
differentiation was made for the unknown spirorchiid. However, 
2 distinct spirorchiids were recorded in 2005 and 2006, and it 
is likely that 1, or both, were found previously. Additionally, 
Spirorchis sp. was identified in 1984, and it is very probable 
that 1 of the unknowns from 2005 and 2006 was Spirorchis sp. 
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FIGURE 5. Mean monthly size of uninfected Helisoma anceps used 
in the reproduction experiment. Circled values within a month are not 
significantly different. 
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TABLE I. Trematode community of Helisoma anceps since 1984. Number of snails collected in each study is listed. Species found in a given year 
are marked with an X. The unknown spirorchiid from 1988-2002 likely includes the 2 unknowns found in 2005 and 2006, with 1 of those 
unknowns identified as Spirorchis sp. in 1984. Haematoloechus longiplexus was probably misidentified as Glypthelmins quieta in 1984. Because 
of the difficulty in differentiating Megalodiscus temperatus and Zygocotyle lunata, the absence of Z. lunata from 1988 to 2002 is partially 
explained by improper identification of the di verticulate amphistome cercariae. 
Year of study 
Trematode species 1984* 1988t 1989:j: 1990:j: 1992§ 199511 199611 2001# 2002# 2005,)[ 2006,)[ 
No. snails 
Autogenics 
Halipegus occidualis 
Haematoloechus longiplexus** 
Megalodiscus temperatus 
Plagitura parva 
Spirorchis sp. 
Spirorchiid unknown 
Spirorchiid unknown #1 
Spirorchiid unknown #2 
Allogenics 
Armatae unknown 
Cercaria marginata 
Clinostomum sp. 
Diplostomulum sp. 
Diplostomulum scheuringi 
Echinostoma sp. 
Petasiger nitidus 
Strigeid unknown 
Uvulifer ambloplites 
Zygocotyle lunata 
1,140 1,993 
X X 
X X 
X 
X 
X 
X 
X 
X X 
X X 
X 
* Collected in March-November (Crews and Esch, 1986). 
t Collected in April-November (Williams and Esch, 1991). 
3,458 1,439 
X X 
X X 
X X 
X 
X X 
X X 
X X 
X 
1,532 1,298 478 
X X X X 
X X 
X X X X 
X X X 
X X X X 
X X X 
X X X X 
X X X 
X X 
X 
1,310 2,282 
X X 
X X 
X 
X 
X 
X 
X 
X X 
X X 
X 
4,506 
x 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
:j: Collected in April-October 1989 and April-June 1990 (Fernandez and Esch, 1991a, 1991b). 
§ Collected in April-November (Sapp and Esch, 1994). 
II Collected in June-October in 1996 (Schotthoefer, 1998). 
# Collected in August-November in 200] and April-October in 2002 (Negovetich, 2003). 
91 Collected in June-November in 2005 and March-October in 2006. 
** Work by Snyder and Janovy (1994, 1996) suggests that proper identification may be Haematoloechus medioplexus. 
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FIGURE 6. Average monthly prevalence of Halipegus occidualis in 
1984, 2002, 2005, and 2006. Randomization tests revealed that preva-
lence in 1984 is higher than the remaining year, and 2005 prevalence 
from August to October is higher than 2002 and 2006 prevalence in 
those same months. Circled values within a month are not significantly 
different. 
The allogenic species were less consistently present than the 
autogenics (Table I)., Echinostoma sp. was found in every year 
except 2001, when collections began in August and ended in 
November. Diplostomulum scheuringi was consistently present 
until 2002, at which time a second Diplostomulum sp. was re-
covered. Zygocotyle lunata was recorded in 1984 and 2006, and 
only careful examination of the diverticulate amphistome cer-
cariae would distinguish it from M. temperatus. The unknown 
armatae was observed in late August from a single snail. Al-
though the possibility exists that this species is an autogenic 
that has recently colonized the Pond, e.g., Auridistomum che-
lydrae, Cephalogonimus sp., or Telorchis sp., the allogenic clas-
sification was used to remain conservative in the autogenic spe-
cies list. 
Only H. occidualis provided sufficient data to examine trends 
in prevalence because it was present in all years. In general, 
prevalence increased in the spring, decreased during cohort 
turnover, and increased through autumn (Fig. 6). Prevalence 
also declined in over-wintering snails. Comparing prevalence 
using randomization tests, snails from 1984 were more likely 
to be infected than snails in 2002, 2005, or 2006 (P < 0.05). 
A larger percentage of snails was infected from August to Oc-
tober in 2005 than those snails examined in 2002 and 2006 (P 
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FIGURE 7. Monthly mean prevalence of Halipegus occidualis is cor-
related to the monthly mean size of Helisoma anceps. The best fit line 
(y = 5.686 + 0.0005745 X ex) explains 65.2% of the variation in mean 
prevalence. 
< 0.05). Prevalence in May 2002 was higher than that in 2005 
and 2006 (P < 0.05). No difference was observed between 
2002, 2005, and 2006 in June and July (P > 0.05). Additionally, 
prevalence was similar for 2002 and 2006 in every month (P 
> 0.05) except May (P = 0.0005). A nonlinear regression anal-
ysis establishes that larger snails are more likely to be infected 
than smaller snails (R2 = 0.652, P < 0.0001; Fig. 7). 
DISCUSSION 
Role of emergent vegetation 
In 22 yr of research at Charlie's Pond, H. anceps has re-
mained one of if not the most abundant snail species in the 
Pond. Although size and fecundity data are not available for 
each year of study, some key trends can be identified. First, 
snails were larger in 1984 than in 2002, 2005, and 2006 .. Sec-
ond, although fecundity was much higher in May 1984 than in 
2006, snails in both years laid more eggs per week until August 
than snails in 2002 and 2005. The percentage of reproductively 
active snails is unlikely to contribute to the change in fecundity 
because of the lack of differences between the years. Similarly, 
snails in April and May of 2006 were not larger than those used 
in 2002, yet 2006 snails were more fecund. 
One factor influencing fecundity that must be considered is 
pond productivity. Experimental increases in periphyton avail-
ability have demonstrated the physiological adaptations of nu-
merous snail species. For example, Lymnaea elodes exhibits 
both increased growth rates and fecundity in highly productive 
ponds (Brown et aI., 1985). Other Lymnaea spp. display similar 
bottom-up effects (Byrne et al., 1989; Lam and Calow, 1989). 
In Charlie's Pond, the quantity of emergent vegetation has de-
creased. Visual inspection of photographs taken in 1989 sug-
gests that over 75% of the emergent vegetation in the collecting 
sites has been lost over the years. Emergent vegetation increas-
es the effective surface area in the littoral zone on which pe-
riphyton can grow. Moreover, aquatic macrophytes can stimu-
late periphyton growth via nutrient leakage (Penhale and Thay-
er, 1980; Moeller et al., 1988). A decline in emergent vegetation 
thus reduces the available food supply for H. anceps. In re-
sponse, the snail population should exhibit a reduction in fe-
cundity and growth, as observed when 1984 is compared to 
recent data. 
Keas and Esch (1997) suggested that H. anceps allocates en-
ergy for somatic growth until reproductive maturity, at which 
time any energy in excess of that required for normal somatic 
growth is shifted to reproduction. In the Pond, most snails are 
born in June and July. Many of the snails spend the remaining 
year growing and are not reproductively mature until the next 
spring. It then follows that the average size of reproductively 
active snails in the spring is determined by the previous sum-
mer's pond productivity, and thus the growth rate of young 
snails. Observed fecundity, however, is dependent on current 
food supply. Snails in the latter half of 2001 and 2005 were 
likely exposed to the same quantity of food. This would result 
in approximately equal average sizes during the spring of 2002 
and 2006. Furthermore, the first half of 2006 was probably very 
productive, in terms of periphyton availability. The reproduc-
tively mature snails were able to allocate the additional energy 
only to egg production (Keas and Esch, 1997). Therefore, 
equally sized snails were more fecund in 2006 than in 2002. 
Halipegus occidualis was present in all years, and in nearly 
every month. Seasonal analysis shows a clear trend. Prevalence 
increases in the spring until cohort turnover. The death of the 
larger, older, and probably infected individuals decreases para-
site prevalence. The entry of uninfected individuals in the new 
cohort further serves to "dilute" the prevalence of H. occi-
dualis. After turnover, prevalence increases again for the re-
mainder of the year. Prevalence decreases slightly from fall to 
spring and is likely due to a combination of self-cure (Goater 
et al., 1989) and host mortality. 
In 2002 and 2006 prevalences were not significantly different 
for almost every month. May was an exception. In April 2006 
a pipe draining excess water from the Pond was cleared of 
debris. The effect was a sudden drop in water levels of about 
30 cm, which resulted in a loss of extensive littoral zone habitat. 
Several of these areas were previously classified as hot spots 
(Zelmer et aI., 1999), and the primary foci of H. occidualis 
transmission in the Pond. Similar to 2006, the Pond also ex-
perienced a 30-cm decrease in water levels in 2002 due to a 
drought experienced in North Carolina. The drought extended 
from 1998 to 2002 and was characterized by below-average 
rai!lfall and groundwater levels, the latter indicated by moni-
toring wells (Weaver, 2005). It is our conjecture that the 
groundwater discharge into the Pond ceased in early 2002. A 
lack of groundwater entering the Pond prevented replacement 
of the water lost to evaporation. Instead of a rapid reduction in 
water levels like those observed in 2006, the water level de-
creased gradually. Thus, the Pond was 20 cm below normal at 
the start of May, and 30 cm below normal by June. The Pond 
did not begin to recover until October, which coincided with an 
increase in precipitation. During this period of lower water lev-
els, the new cohort of snails was less likely to encounter and 
consume H. occidualis eggs. As such, prevalence remained 
lower than that observed in 2005. 
It is clear that overall prevalence of H. occidualis has de-
creased since 1984. Host factors, namely, those pertaining to 
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the snail and frog, are probably contributing to this decline. 
Among these include the size of snails. It has been definitely 
shown that larger snails are more likely to be infected than 
smaller snails (Crews and Esch, 1986; Goater et aI., 1989; Fer-
nandez and Esch, 1991b; Williams and Esch, 1991; Sapp and 
Esch, 1994). Often these studies suggest that larger snails are 
older and, therefore, have had more time to acquire an infection. 
This may be true within cohorts, but age cannot explain the 
differences between the years. In Charlie's Pond the snail pop-
ulation experiences turnover every year. Specifically, the largest 
snails in June 1984 were significantly larger than the June col-
lection snails in other years, yet all of the snails are approxi-
mately l-yr-old. Thus, size as a reflection of age does not ex-
plain the difference. An alternative explanation involves energy 
requirements. As snails grow, they require more energy for 
maintenance, growth, and reproduction. To acquire this addi-
tional energy, large snails must consume a greater quantity of 
food than smaller snails. Because of the limited supply of auf-
wuchs in a given area, snails must move to new sites to feed 
as they deplete the aufwuchs community in an immediate lo-
cation, relative to their small size (Townsend, 1973). This 
movement might include only a few meters during a week, but 
it is more than enough to increase the probability of infection, 
i.e., the egg-encounter rate, and thus the observed prevalence. 
Trematode community 
Decreased water levels resulted in a loss of littoral zone hab-
itat, especially those areas with emergent vegetation. Aquatic 
and emergent macrophytes provide a substratum on which pe-
riphyton can grow. These plants stimulate periphyton growth 
via leaf architecture (Jeffries, 1993; Jones et al., 1999) and nu-
trient leakage (Penhale and Thayer, 1980; Moeller et aI., 1988). 
The net effect of the macrophytes is a localized increase in 
periphyton production, and these areas likely attract snail hosts 
(Townsend, 1973; Charnov et aI., 1976). Furthermore, emergent 
vegetation serves as a suitable habitat for the green frogs 
(Wells, 1977). Loss of these sites diminishes the amount of 
habitat overlap of the definitive host, and snail and odonate 
intermediate hosts. Notable declines in emergent vegetation 
have been observed since 2002. Vegetation that was previously' 
considered emergent in autumn 2001 was no longer present in 
2002 or 2006, when the water levels were decreased. Some of 
the macrophytes never recovered; thus these areas of emergent 
vegetation were lost from the Pond. An overall reduction in H. 
occidualis prevalence reflects this change. 
Zelmer et al. (1999) recorded a d~line in the green frog 
population over a 10-yr period. Rana clamitans serves as the 
definite host for both H. occidualis and Haematoloechus lon-
giplexus. A loss of definitive hosts will translate into a decrease 
in the adult trematode population for these 2 species, as well 
as a decrease in overall transmission rate. Anderson and May 
(1985) introduced the notion of a transmission threshold. In 
their mathematical model, a parasite population would be un-
able to sustain itself if the transmission rate, defined by the 
number of reproductively mature offspring produced by 1 in-
dividual, is less than unity. In the 1990s the frog population 
declined, thus reducing the transmission rate and prevalence of 
these 2 parasite species. However, H. occidualis persisted in the 
Pond while H. longiplexus experienced local extinction. The 
life cycle of the trematodes may explain the difference in ob-
servations. 
In Charlie's Pond transmission from R. clamitans to H. an-
ceps is identical for these 2 species, i.e., the frog host defecates 
eggs that are accidentally consumed by the snail. For H. occi-
dualis, cystophorous cercariae are shed into the water. Ostra-
cods become infected and are preyed upon by odonate naiads 
(Goater, 1989; Zelmer and Esch, 1998). In contrast, the ornatae 
cercariae of H. longiplexus emerge from the snail and are swept 
into the branchial basket of dragonfly naiads. The number of 
potential hosts contributes to the transmission rate, such that 
generalist parasites will have higher transmission rates than spe-
cialists (Anderson and May, 1985). In this system H. longi-
plexus can be considered a specialist since it infects only ani-
sopteran odonates, in contrast to H. occidualis, which utilizes 
anisopteran and zygopteran naiads (Wetzel and Esch, 1996). 
The combination of a declining frog population and limited 
selection of intermediate hosts likely depressed the transmission 
rate of H. longiplexus below unity. Therefore, while H. occi-
dualis experienced only a decrease in overall prevalence, H. 
longiplexus was lost from the Pond. 
Allogenic species are less consistently abundant in H. anceps 
when compared to the autogenic species. Allogenics, by defi-
nition, have 1, or more, hosts that are not permanent residents 
of the pond, generally the definitive host (Esch et aI., 1988). 
The unknown armatae was found in a single snail and probably 
infects a reptile or amphibian that had visited the Pond. With 
the exception of Uvulifer ambloplites and Clinostomum sp., 
which infect kingfishers and blue herons, respectively, the re-
maining allogenic species utilize waterfowl as their definitive 
host. Temporal variation of prevalence has been found for these 
trematodes (Williams and Esch, 1991; Esch and Fernandez, 
1994; Sapp and Esch, 1994; Schotthoefer, 1998), but unlike the 
seasonality experienced by H. occidualis, these changes are due 
to the visitation by infected waterfowl. For example, the Sep-
tember peak of D. scheuringi prevalence in 1988 is attributed 
to the frequent visitation of the pied-billed grebe, Podilymbus 
podiceps, observed in late summer (Williams and Esch, 1991). 
Echinostoma sp. was observed in all years except one. In 2001 
only 478 snails were collected from August to November, com-
pared to >1,000 snails and a longer collecting season in re-
maining years. The small sample size and the extremely low 
prevalence (3% maximum in 2006) make it likely that Echi-
nostoma sp. was present, but not found. 
A partial dominance hierarchy has been created for H. anceps 
in C.harlie's Pond (Fernandez and Esch, 1991a). Halipegus oc-
cidualis ranks near the top; only Echinostoma sp. and Petasiger 
nitidus rank higher. When snails become infected with H. oc-
cidualis, previous infections are usually replaced, and the rediae 
typically prevent the establishment of additional infections. 
Prevalence of H. occidualis determines the proportion of snails 
available for infection. The peak prevalence of patent H. occi-
dualis infection exceeded 60% in 1984 (Crews and Esch, 1986), 
57% in 1988 (Williams and Esch, 1991), and 50% in 1989 and 
1990 (Fernandez and Esch, 1991b). Collections were made in 
the same locations in 2002, 2005, and 2006, and the highest 
observed prevalence was 18%, 17%, and 15%, respectively. 
Yearly prevalence has decreased, with the greatest percentage 
of infected snails occurring in 1984 (31.4%) and the lowest in 
2006 (8.7%). It is likely that the decrease in H. occidualis prev-
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alence will permit an increase in prevalence of subordinate spe-
cies, and perhaps allow additional allogenic species to infect H. 
anceps in the Pond. The most species recovered from H. anceps 
was 11, which occurred in 2006. The increase in species rich-
ness may be attributable to the low prevalence of H. occidualis 
(8.7%), or it could be due to the large number of snails ex-
amined that year (4,506). No definitive conclusions can be 
made, but given the high prevalence and dominance of the re-
diae, H. occidualis may be a significant factor that structures 
the infracommunities of H. anceps. 
The decreased size and fecundity of H. anceps, in addition 
to the reduction in observed prevalence of H. occidualis, 
strongly suggest that Charlie's Pond has changed over time. The 
Pond may have been exceptionally good for the snail population 
and trematode transmission in 1984, but the general decrease 
in both size and prevalence, as observed in 1989 (Fernandez 
and Esch, 1991b), suggest that the declining trend is real. The 
most prominent difference has been an overall reduction in 
emergent vegetation, and thus a loss in the nidus of infection 
for H. occidualis. The aquatic macrophytes serve a dual pur-
pose in the Pond by not only providing habitat for the odonate 
and frog hosts, but also stimulating periphyton production in 
the littoral zone. With an increased food source, snails can grow 
larger and become more fecund, as indicated by size and fe-
cundity differences between years that vary in their amount of 
emergent vegetation. If the trend continues, we would expect a 
further decrease in prevalence of those autogenic species that 
infect R. clamitans. Without an overlap of host species, the 
transmission rate will likely fall below the level required to 
maintain the trematode population in the Pond. 
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QUALITATIVE AND QUANTITATIVE BEHAVIORAL TRAITS IN A COMMUNITY OF 
FURCOCERCARIAE TREMATODES: TOOLS FOR SPECIES SEPARATION? 
M. J. Santos, A. Karvonen*, J. C. Pedrot, A. Faltynkova:j:, O. Seppala*, and E. T. Valtonen* 
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ABSTRACT: Many trematode cercariae show distinct behavioral features, which have commonly been used in species identification 
in combination with morphological characteristics. However, information regarding cercariae behavior has often not been quan-
tified in detail, or it is scattered in the literature, which is why the appropriate level of precision in behavioral identity, particularly 
in groups of cercariae species showing considerable morphological overlap, has not been properly established. In this study, we 
investigated one such group, the furcocercariae trematodes, by studying their behavior in a community consisting of 8 species 
(Diplostomum pseudospathaceum, Ichthyocotylurus variegatus, Cotylurus brevis, Cercaria spinulosa, Australapatemom sp., Aus-
tralapatemom burti, Sanguinicola sp., and Bilharziella polonica) in central Finland. Our aim was not to develop an identification 
formula on the basis of behavior but to investigate and propose characteristic measurements applicable in separation of cercariae 
species. We used a 2-level approach, first recording qualitative behavioral traits of the cercariae, including swimming type and 
resting position; and, second, more detailed quantitative behavioral characteristics, such as resting time, swimming time, and 
swimming speed. Essentially, species showing a 2-phase behavior were distinguishable according to qualitative traits (resting 
position), whereas with those showing continuous swimming behavior, a combination of qualitative and quantitative traits (swim-
ming speed) was required. These results suggest that characteristics of cercariae behavior can not only be used in species 
identification but also in general life history comparisons investigating details of the cercariae transmission. 
Many trematode cercariae show distinctive behavioral pat-
terns, which are often related to the location of the next host 
species (reviewed by Combes et aI., 1994; Haas, 1994). These 
behavioral characteristics, in combination with morphological 
characteristics, have also been used by ecologists working on 
cercariae life histories, or using these organisms as tools in 
research on parasite-host relationships for the purpose of elu-
cidating cercariae species identity. The original idea of behav-
ioral identification of cercariae dates back to the early works of 
Miller (1928) and Cort and Brackett (1937), but a clear line 
that shows how this information could be used has still not been 
established. This is partly because descriptions on cercariae be-
havior have often lacked detailed quantifications or are scat-
tered in the literature. However, information on the appropriate 
level of precision in behavioral identity, applicable to species 
identification, is needed especially in communities of cercariae 
species showing considerable morphological overlap. 
One such group of cercariae is the furcocercariae where mor-
phological characteristics found in the adults are less clear for 
the cercariae stage. The present study examined whether and 
how cercariae behavior could be used as a tool in the separation 
of species in a community of furcocercariae at a single geo-
graphical location. Our overall purpose was not to develop a 
detailed identification formula for a specific set of species be-
cause we clearly recognize that values obtained for each species 
are case sensitive due to variation in physical and biological 
conditions, including temperature, water chemistry, host con-
dition, and host and parasite genetics. Instead, we recorded a 
set of behavioral variables under standardized laboratory con-
ditions to study their usefulness as a tool in species separation 
and general life history comparisons. We used a set of 8 fur-
Received 14 February 2007; revised 26 April 2007; accepted 11 May 
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cocercariae species and extended our analysis on 2 levels of 
cercariae behavior. First, we recorded qualitative swimming 
pattern of the cercariae, which included features such as pres-
ence or absence of resting phase and bending of the body or 
tail. Second, we quantified other behavioral features such as 
cercariae resting time between swimming phases (for types 
showing a 2-phase behavior) and swimming speed (applicable 
for most cercariae types). Finally, we discuss the applicability 
of these characteristics in the identification of different cercariae 
types and their usefulness for ecological groups working with 
furcocercariae species. 
MATERIALS AND METHODS 
Samples of snails consisting of Lymnaea stagnalis, Valvata macros-
toma, Bathyomphalus contortus, and Planorbarius corneus were col-
lected from Lake Konnevesi (62°37'N; 26°21'E), central Finland, in 
August 2005. Sampling was conducted in a shallow littoral zone with 
a bottom substratum of sand and small rocks. A small sampling area 
(100 X 50 m) was used to exclude differences in environmental con-
ditions experienced by the snails. All snails were brought to the labo-
ratory and checked for the release of furcocercariae by placing them 
individually in a small amount of water for a few hours. Eight species 
of 8 furcocercariae were found: Diplostomum pseudospathaceum (Nie-
wiadomska, 1984), Ichthyocotylurus variegatus (Creplin, 1825), Coty-
lurus brevis (Dubois et Rausch, 1950), Cercaria spinulosa (Ginetsin-
skaya, 1959), Australapatemom sp., Australapatemom burti (Miller, 
1923), Sanguinicola sp., and Bilharziella polonica (Kowalewski, 1895) 
(T~ble I). At first, all species were identified according to their mor-
phology using the works of Odening and Bockhardt (1971), Combes 
(1980), Niewiadomska et al. (1997), and Gibson et al. (2002). 
During the snail collection, infected snails were stored in a cold room 
(8 C) to prevent further cercariae release during which they were fed 
with lettuce and detritus from the lake. For the observations on cercariae 
behavior, all snails were maintained in 20 C, which induced the cer-
cariae production. Due to low prevalence of infection in the snails, 
cercariae of D. pseudospathaceum, l. variegatus, C. brevis, C. spinu-
losa, Australapatemom sp., and Sanguinicola sp. were each extracted 
from 3 individual snails. Although cercariae characteristics of 1 species 
may differ between different host individuals, i.e., between parasite ge-
notypes, the variation observed in the present study was quite low (av-
erage overlap in cercariae values from different snails was 51.4-62.7%; 
see Results), which suggests that a sample of 3 snails was sufficient to 
capture the variation for the purpose of this study. Several newly 
emerged cercariae (maximum age 2 hr) of each species were then ex-
tracted from the 3 individual snails. In some cases, different numbers 
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TABLE I. Qualitative behavioral characteristics of the 8 furcocercariae species (Diplostomum pseudospathaceum, Ichthyocotylurus variegatus, 
Cotylurus brevis, Cercaria spinulosa, Australapatemom sp., Australapatemom burti, Sanguinicola sp., and Bilharziella polonica) sampled from 
Lake Konnevesi, central Finland, in August 2005. 
Species Snail host Next host Swimming type Resting position 
D. pseudopathaceum L. stagnalis Fish Stop and go Tail bent 900 
I. variegatus V. macrostoma Fish Stop and go Proximal tip of body bent, furcae in 900 angle 
C. brevis L. stagnalis Snail Continuous 
C. spinulosa L. stagnalis Fish Stop and go Straight tail and body, furcae in 1800 angle 
Australapatemom sp. V. macrostoma Leech Continuous 
A. burti B. contortus Leech Stop and go Straight tail and body, furcae in 1800 angle 
Sanguinicola sp. V. macrostoma Fish Stop and go Tail and body curved, body perpendicular to tail 
B. polonica P. corneus Bird Continuous Body perpendicular to tail* 
* Cercariae attached occasionally to water surface when a resting position was observed. 
of cercariae were extracted because snails shed too few cercariae. Par-
asite species A. burti and B. polonica were released only by single 
snails; therefore, quantitative measurements from these cercariae were 
not included in the between-species analysis, but they were still used 
to describe the overall qualitative behavioral features (see below). 
First, cercariae were studied under a binocular microscope in 20 C 
for qualitative behavioral features, i.e., swimming type (continuous or 
with separate resting and swimming phases [referred to as stop and go 
types]) and resting position (position of the furcae, bending of the body 
or tail) (Table I). Second, quantitative behavioral measurements were 
made. In stop and go types, these included resting time between the 
swimming phases (seconds), swimming time (seconds), distance swum 
during the swimming phase (millimeters), and swimming speed (milli-
meters per second), the latter of which was calculated from the mea-
surements of swimming distance (millimeters) and swimming time (sec-
onds). In some species, however, swimming times were long, in which 
cases the distance was measured during a shorter period, i.e., not cor-
responding to the distance swum during a complete swimming phase. 
Percentage of resting time for each activity cycle (resting time and 
swimming time combined), the number of cycles per min, and the 
movement per minute were also calculated. For continuous swimmers, 
swimming speed (millimeters per second) was calculated from the ratio 
between the distances swum (millimeters) during a period of time (sec-
onds) (Table II). 
Behavioral parameters were determined by placing a group of cer-
cariae of each species into a closed chamber (a 35- X lO-mm Petri dish 
with a water volume of 9.6 ml), where they were monitored using a 
binocular microscope connected to a video camera. The size of the 
chamber was selected so that it did not constrain cercariae movement, 
but made it possible to acquire a focused image of the cercariae. This 
was verified in a series of preliminary trials with smaller containers, 
where constrained cercariae movement was clearly observed. All mea-
surements were made from cercariae, which did not contact the walls 
of the chamber during their period of movement. This ensured best 
possible resemblance to a natural situation. 
Behavioral parameters for the cercariae were recorded in a horizontal 
or vertical setup depending on the main direction of movement of each 
cercariae species. This was assessed so that in cases where the cercariae 
showed clear tendency towards upper layers of the water column, the 
chamber was used in its vertical position and the binocular microscope 
tilted accordingly. In species showing no tendency, i.e., uniform distri-
bution in the water column, measurements were taken using both ori-
entations of the chambers. Overall, the selection of chamber did not 
affect cercariae behavior in these species, because no difference in the 
resting time (2-way analysis of variance [ANOY A] on log-transformed 
data from 2 cercariae species [cercariae species and type of chamber as 
factors: F325 = 0.098, P = 0.757]) or swimming speed (ANOYA on 
log-transfo'rmed data from 2 cercariae species: F 3•56 = 3.072, P = 0.085) 
was detected between the chambers. Some swimming times were on 
the order of a tenth of a sec, which obviated the use of any human-
operated chronometer. In such cases, cercariae movement was first re-
corded with a video camera and then replayed in slow motion. This 
procedure was also of paramount importance for the accurate measure-
ment of swimming distance. The data were analyzed using I-way AN-
TABLE II. Measures of the quantitative behavioral characteristics (mean ::+:: SE) for the 8 furcocercariae species (Diplostomum pseudospathaceum, 
Ichthyocotylurus variegatus, Cotylurus brevis, Cercaria spinulosa, Australapatemom sp., Australapatemom burti, Sanguinicola sp., and Bilharziella 
polonica) sampled from Lake Konnevesi, central Finland, in August 2005: swimming phase (time, distance, and speed), resting phase (time and 
percentage of resting in 1 cycle, i.e., swimming time and resting time combined), and movement (number of cycles per minute and movement 
potential during 1 min). Note that the values for A. burti and B. polonica were measured from cercariae originating from single snails; therefore, 
they should be interpreted with caution. 
.J Swimming phase Resting phase Movement 
% of Movement 
n of cercariae Time Distance Speed Time resting Frequency during 
Species (n of snails) (s) (mm) (mm/s) (s) in 1 cycle (cycles/min) 1 min (mm) 
D. pseudospathaceum 75 (3) 0.4 ::+:: O.oI 1.6 ::+:: 0.07 3.9 ::+:: 0.06 8.5 ::+:: 0.4 95.3 6.7 11.0 
I. variegates 31 (3) 0.8 ::+:: 0.12 3.0 ::+:: 0.32 3.9 ::+:: 0.10 18.4 ::+:: 1.5 95.9 3.1 9.6 
C. brevis 29 (3) n.a.* n.a. 2.4 ::+:: 0.09 n.a. n.a. n.a. 144.6 
C. spinulosa 31 (3) -t 1.1 ::+:: 0.06 
Australapatemom sp. 37 (3) n.a. n.a. 1.2 ::+:: 0.04 n.a. n.a. n.a. 72.3 
A. burti 8 (1) 19.6 ::+:: 6.38 0.9 ::+:: 0.05 8.6 ::+:: 1.8 30.5 2.1 38.1 
Sanguinicola sp. 21 (3) 1.4 ::+:: 0.10 23.9 ::+:: 2.0 94.5 2.4 
B. polonica 6(1) n.a. n.a. 0.9 ::+:: 0.05 n.a. n.a. n.a. 54.7 
* n.a. = not applicable. 
t - = not a reliable quantitative metric (see text). 
B 
FIGURE 1. Resting positions of the stop and go type cercariae: Dip-
lostomum pseudospathaceum (A), lchthyocotylurus variegatus (B), Cer-
caria spinulosa (C), Australapatemon burti (D), and Sanguinicola sp. 
(E). Bar = 200 f1m. 
OVA on log-transformed data or nonparametric Kruskal-Wallis test 
when the assumptions of the parametric tests could not be met. 
RESULTS 
Overall, the cercariae species in this study included 3 contin-
uous swimmers and 5 stop and go types (Table I). Resting po-
sitions of the stop and go types were species specific, with 
differences in bending of the body, tail, and furcae, with an 
exception of C. spinulosa and A. burti whose resting positions 
were similar (Fig. 1). Also, 1 of the continuous swimmers, B. 
polonica, showed occasional resting position when the cercariae 
attached to the water surface for short periods. All cercariae 
moved with their tail first. 
For the purpose of this study, 3 quantitative parameters were 
subjected to statistical analysis, i.e., resting time and swimming 
time (for stop and go types), and swimming speed (for both 
types). Resting time of C. spinulosa was highly variable (rang-
ing from 0.4 sec to >100 sec), which was a specific feature for 
this species, but prevented us from obtaining reliable measure-
ments of resting time. As such, resting time was measured from 
3 species, i.e., D. pseudospathaceum, I. variegatus, and San-
guinicola sp. Australapatemom burti was excluded from the 
analyses because the cercariae originated from only 1 snail. 
Within the species, the average overlap in values of resting 
times for the cercariae originating from different individual 
snails was 62.7%. However, in Sanguinicola sp., cercariae rest-
ing times differed between the snails so that the cercariae values 
from the first snail did not overlap with the third snail, but both 
did so with the second snail possessing intermediate values. In 
between-species comparisons, resting times were significantly 
different among all 3 species (I-way ANOVA on log-trans-
formed data: F2•122 = 76.257, P < 0.001), although values of 
individual cercariae overlapped to some extent (Fig. 2; Table 
II). Similarly, swimming times of the cercariae species were 
significantly different (Kruskal-Wallis test: X2 = 73.348, df = 
2, P < 0.001), but individual values overlapped again between 
the species. 
Swimming speed was not measured for Sanguinicola sp. cer-
cariae, because they exhibited a somewhat circular swimming 
trajectory from which the swimming distance could not be mea-
sured reliably. Also, A. burti and B. polonica were excluded 
because all cercariae came from ip.dividual snails. Again, within 
the 5 other species, the average overlap in values of swimming 
speeds for the cercariae originating from different individual 
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FIGURE 2. Resting times (seconds) of the 4 stop and go type cer-
cariae: Diplostomum pseudospathaceum, Ichthyocotylurus variegatus, 
Australapatemon burti, and Sanguinicola sp. Note that the cercariae of 
A. burti originated from a single snail and therefore the values were not 
used in the between-species analysis. 
snails was 51.4%. Swimming speed was also significantly dif-
ferent between the species (I-way ANOVA on log-transformed 
data: F4•198 = 501.13, P < 0.001) (Fig. 3; Table II). Multiple 
comparisons revealed that the species fell into 3 groups: the 
first group was formed by faster swimming D. pseudospatha-
ceum and I. variegatus; the second group by C. brevis with an 
intermediate speed; and the third group by C. spinulosa and 
Australapatemom sp., with slower swimming speed (Tukey's 
test: P < 0.001 for all comparisons) (Fig. 3; Table II). 
DISCUSSION 
Trematode cercariae generally show a high diversity of de-
tailed behavioral features (Combes et aI., 1994; Haas, 1994), 
which could help to elucidate species identities in cercariae 
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D. pseud I. varieg C. brevis C. spinul Aust sp. A. burti B. polon 
FIGURE 3. Swimming speed (millimeters per second) of the 7 fur-
cocercariae species: Diplostomum pseudospathaceum, Ichthyocotylurus 
variegatus, Cotylurus brevis, Cercaria spinulosa, Australapatemom sp., 
Australapatemom burti, and Bilharziella polonica. Different letters 
(a-c) denote statistically significant differences (P < 0.001) after 1\1-
key's pairwise comparisons, i.e., cercaria species marked with different 
letters differ statistically. Note that the cercariae of A. burti and B. 
polonica originated from single snails; therefore, the values were not 
used in the between-species analysis. 
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showing significant morphological overlap. We examined this 
in 1 such group by determining qualitative and quantitative be-
havioral features of a community of furcocercariae species un-
der standardized conditions. Our aim was to sort out the details 
of how this information could be used in species separation, 
essentially to determine the level of precision at which this 
could work. 
First, measurements of cercariae behavior are generally case 
sensitive, i.e., influenced by conditions where the measurements 
are taken, but some comparisons of the species specific char-
acteristics to existing data can be made. Overall, resting posi-
tions of the stop and go types resembled those described pre-
viously for D. pseudospathaceum, l. variegatus, C. spinulosa, 
A. burti, and B. polonica (Szidat, 1929; Zajicek and Valenta, 
1964; Odening and Bockhardt, 1971; Niewiadomska and Kis-
eliene, 1994). However, to our knowledge, behavioral charac-
teristics have not been described previously for Sanguinicola 
sp.; thus, this work provides the first data for this genus. Swim-
ming times for the cercariae of D. pseudospathaceum were low-
er compared with the closely related species, D. spathaceum 
(Karvonen et al., 2006), although the absolute difference in the 
mean values was small and may very well reflect differences 
in the measurement conditions. In contrast, the swimming speed 
of the cercariae was very similar compared with D. spathaceum 
(Graefe and Burkert, 1972), which could reflect similarities in 
the life cycles (next host characteristics) of these species. Sim-
ilarly, Zajicek and Valenta (1964) reported high swimming 
times from A. burti, which is consistent with our observations, 
although measurements were made from cercariae of an indi-
vidual snail. In general, qualitative characteristics of cercariae 
behavior, such as the type of swimming (stop and go or con-
tinuous) and resting position, are likely to be related to the 
location of the next host. For example, most of the stop and go 
types in this study infect fish as the second intermediate host, 
although broad generalizations cannot be made from the present 
data. Similarly, quantitative characteristics may also be related 
to transmission, although this has probably received less atten-
tion. Measurements of these from a broader range of cercariae 
species could reveal general patterns related to transmission to 
certain types of hosts. 
Second, qualitative behavioral patterns with respect to spe-' 
cies separation were species specific, particularly in stop and 
go types. Diplostomum pseudospathaceum exhibited a resting 
position, with the tail bent in a 90° angle, which has been used 
as a distinctive characteristic for D. spathaceum and D. pseu-
dospathaceum, and also for other species of the genus (e.g., 
Niewiadomska and Kiseliene, 1994; Karvonen et aI., 2006). 
However, the taxonomy of Diplostomum species has been prob-
lematic (Valtonen and Gibson, 1997), and it remains unclear 
how other features of cercariae behavior differ among the nu-
merous Diplostomum species described previously (Niewia-
domska and Kiseliene, 1994; but see Karvonen et al., 2006). 
Resting positions of the other species were also different, ex-
cept for C. spinulosa and A. burti. In these species, the most 
obvious qualitative difference was that they were released from 
different snail host species. It has been proposed that trema-
todes show very strict host specificity in their molluscan hosts 
(e.g., Gibson and Bray, 1994), suggesting that the host species 
could reflect parasite species identity. However, strict host spec-
ificity of trematodes is not supported by recent studies (e.g., 
Donald et al., 2004; Karvonen et aI., 2006), which suggests that 
it is not a reliable measure of species identity. For example, D. 
spathaceum infects at least 3 different snail species in the pres-
ent study system, although L. stagnalis clearly is the primary 
host (Karvonen et al., 2006). Thus, other behavioral measures 
to differentiate C. spinulosa and A. burti are needed. 
In cercariae showing continuous swimming, identification 
based on behavior is generally not that straightforward, as the 
resting stages are absent. The species observed in this study 
were also very similar, except for B. polonica, which showed 
occasional attachment to the water surface making this species 
clearly different from the 2 similar species, i.e., C. brevis and 
Australapatemom sp. Quantitative measurements of swimming 
speed, however, indicated differences between these 2 species 
without any between-species overlap in the observations of in-
dividual cercariae. In general, swimming speed was a relatively 
consistent measure, showing less within-species variation com-
pared, for example, with resting times of the stop and go types. 
Furthermore, it divided the species into 3 separate groups, with 
little or no overlap in individual values between the groups 
(particularly the groups with highest [D. pseudospathaceum and 
l. variegatus] and lowest values [CO spinulosa and Australa-
patemom sp.]). All this information suggests that swimming 
speed could provide a consistent measure for separation of cer-
cariae species. It is clear that the measurement of swimming 
speed is technically more challenging compared with, for ex-
ample, the measurement of resting time of cercariae. Neverthe-
less, our overall experience is that this rapidly becomes a 
straightforward methodology once the measurement system has 
been established. 
In conclusion, our results suggest that qualitative behavioral 
traits of cercariae combined with quantitative analysis when 
necessary can be used in the separation of furcocercariae spe-
cies. As stressed here, these traits, as well as any morphological 
traits, are likely to be case sensitive to some extent and thus 
influenced by measurement conditions (see Cort and Brackett, 
1937) and specific characteristics of local host and parasite pop-
ulations. Indeed, this may be 1 of the reasons for general tax-
onomic confusion associated with some trematode groups. 
Overall, this suggests that the selection of available and appro-
priate behavioral variables is likely to be specific to each par-
ticular population and species composition. Hence, it is impor-
tant to establish a set of variables, which could include those 
described here, or other more suitable variables. An interesting 
next.step would also be to explore how behavioral traits differ 
among closely related species within a genus or among species 
with similar next host characteristics. Although some qualitative 
and quantitative differences have been reported in such groups 
(e.g., Cort and Brackett, 1937; Karvonen et aI., 2006), more 
comprehensive studies are needed focusing on issues of species 
separation and life history comparisons. 
ACKNOWLEDGMENTS 
We thank Professor Katarzyna Niewiadomska (University of Warsaw, 
Warsaw, Poland) for help and suggestions. This study was supported 
by Portuguese National Science Foundation-FCT sabbatical grant 
BSAB 49212005, Kone Foundation, and the Academy of Finland Centre 
of Excellence in Evolutionary Research. 
LITERATURE CITED 
COMBES, C. 1980. Atlas mondial des cercaires. Memoires du Museum 
National d'Histoire Naturelle, Serie A, Zoologie 115: 5-235. 
---, A. FOURNIER, H. MONE, AND A. THERON. 1994. Behaviours in 
trematode cercariae that enhance parasite transmission: Patterns and 
processes. Parasitology 109(Suppl.): S3-S 13. 
CORT, W. W., AND S. BRACKETT. 1937. Identification of strigeid cercariae 
by differences in their behavior during free life. Journal of Para-
sitology 23: 297-299. 
DONALD, K. M., M. KENNEDY, R. POULIN, AND H. G. SPENCER. 2004. 
Host specificity and molecular phylogeny of larval Digenea isolat-
ed from New Zealand and Australian topshells (Gastropoda: Tro-
chidae). International Journal for Parasitology 34: 557-568. 
GIBSON, D. I., AND R. A. BRAY. 1994. The evolutionary expansion and 
host-parasite relationship of the Digenea. International Journal for 
Parasitology 24: 1213-1226. 
---, A. JONES, AND R. A. BRAY. 2002. Keys to the Trematoda. Vol. 
1. CAB International, Wallingford, U.K., 521 p. 
GRAEFE, G., AND D. G. BURKERT. 1972. Zur Lokomotionstechnik von 
Diplostomatiden- und Echinostomatiden-Cercarien (Trematoda). 
Zoologischer Anzeiger 188: 366-369. 
HAAS, W. 1994. Physiological analyses of host-finding behaviour in 
trematode cercariae: Adaptations for transmission success. Parasi-
tology 109(Suppl.): S15-S29. 
KARVONEN, A., P. TERHO, O. SEPpALA, J. JOKELA, AND E. T. V ALTONEN. 
2006. Ecological divergence of closely related Diplostomum (Trem-
atoda) parasites. Parasitology 133: 229-235. 
. ' 
SANTOS ET AL.-BEHAVIORAL TRAITS IN CERCARIAE 1323 
MILLER, H. M. 1928. Variety of behavior of larval trematodes. Science 
68: 117-118. 
NIEWIADOMSKA, K. 1986. Verification of the life-cycles of Diplostomum 
spathaceum (Rudolphi, 1819) and D. pseudospathaceum Niewia-
domska, 1984 (Trematoda, Diplostomidae). Systematic Parasitolo-
gy 8: 23-31. 
---, AND V. KISELIENE. 1994. Diplostomum cercariae (Digenea) in 
snails from Lithuania. II. Survey of species. Acta Parasitologica 
39: 179-186. 
---, E. T. VALTONEN, AND R. SIDDAL. 1997. Cercariae from Lymnaea 
stagnalis in lake Kuuhankavesi (central Finland). Acta Parasitolo-
gica 42: 132-137. 
ODENING, K., AND I. BOCKHARDT. 1971. Der Lebenszyklus des Trema-
toden Cotylurus variegatus im Spree-Havel-Seengebiet. Biolo-
gisches Zentralblatt 90: 49-84. 
SZIDAT, L. 1929. Zur Entwicklungsgeschichte des Bluttrematoden der 
Enten, Bilharzia polonica Kow. I. Morphologie und Biologie der 
Cercariae von Bilharziella polonica Kow. Zentralblatt flir Bakter-
iologie, I. Abteilung 111: 461-470. 
VALTONEN, E. T., AND D. I. GIBSON. 1997. Aspects of the biology of 
diplostomid metacercarial (Digenea) populations occurring in fishes 
in different localities of northern Finland. Annales Zoologia Fennici 
34: 47-59. 
ZAJICEK, D., AND Z. VALENTA. 1964. Contribution to the occurrence of 
furcocercous cercariae in some regions of Bohemia. Ceskosloven-
ska Parasitologie 11: 273-293 . 
1. Parasitol.. 93(6), 2007, pp. 1324-1331 
© American Society of Parasitologists 2007 
THE ABUNDANCE AND DISTRIBUTION OF LEPEOPHTHEIRUS SALMONIS 
(COPEPODA: CALIGIDAE) ON PINK (ONCORHYNCHUS GORBUSCHA) AND 
CHUM (0. KETA) SALMON IN COASTAL BRITISH COLUMBIA 
Simon R. M. Jones and N. Brent Hargreaves 
Pacific Biological Station, 3190 Hammond Bay Road, Nanaimo, British Columbia, V9T 6N7, Canada. e-mail: joness@pac.dfo-mpo.gc.ca 
ABSTRACT: In total, 23,750 specimens of the salmon louse, Lepeophtheirus salmonis, were collected from 3,907 juvenile pink 
and 3,941 chum salmon caught within the Broughton Archipelago during a 2-yr survey. The prevalence on pink salmon was 
significantly higher than on chum salmon in 2004 (62.3% and 58.6%, respectively) and in 2005 (26.4% and 23.1 %, respectively). 
The mean abundance on chum salmon was significantly higher than on pink salmon in 2004 (7.0 ::':: 0.3 and 2.8 ::':: 0.2, respec-
tively), whereas in 2005 the mean abundance did not differ between species (0.6 ::':: 0.1 and 0.5 ::':: 0.0, respectively). The mean 
intensity on chum salmon was significantly higher than on pink salmon in 2004 (12.0 ::':: 0.4 and 4.5 ::':: 0.2, respectively) and in 
2005 (2.5 ::':: 0.2 and 1.7 ::':: O. I, respectively). The prevalence, intensity, and abundance of L. salmonis were significantly higher 
on salmon belonging to both host species in 2004 compared with 2005. In both years, a majority of pink and chum salmon had 
2 or fewer lice. In general, a decline in abundance of L. salmonis over the 3 collection periods in each year coincided with an 
increased percentage of motile developmental stages. The abundance was lowest on fish collected from zones in which the 
seawater surface salinity was also lowest. Seawater surface temperature was higher and salinity was lower in 2004 compared 
with 2005. The spatial and temporal trends in the abundance of L. salmonis in relation to host size, infestation rates, and seawater 
salinity and temperature, evident in both years, must be considered in future studies assessing the role of farmed salmon in the 
epizootiology of this parasite on juvenile salmon in this area. 
The marine ecosystem of the Broughton Archipelago in 
coastal British Columbia, Canada (Fig. 1), is hydrographic ally 
and biologically complex. The area supports numerous popu-
lations of Pacific salmon (Oncorhynchus spp.), and there are 28 
sites for the production of farmed Atlantic salmon (Salmo sa-
lar), of which 15 to 18 are typically active at any time. There 
are few studies of the relationships among the physical and 
biological components of this region (e.g., see Brooks, 2005; 
Foreman et aI., 2006). The Broughton Archipelago has been the 
focus of recent scientific debate because of concerns that ju-
venile pink (0. gorbuscha) and chum (0. keta) salmon migrat-
ing from natal streams in the area toward the open ocean are 
vulnerable to infestations with the salmon louse, Lepeophthei-
rus salmon is (Morton et aI., 2004; Krkosek et aI., 2005, 2006). 
These studies concluded that the spatial and temporal patterns 
of mixed infestations with L. salmon is and a related parasite, 
Caligus clemensi, are consistent with proximity of the pink and 
chum salmon to salmon farms. Furthermore, the studies con-
cluded that the farmed salmon serve as reservoirs of the salrpon 
louse. However, despite the presence of salmon farms and in-
festations with L. salmonis, measurements made in 2003 and 
2004 indicated that pink salmon in this area experienced high 
marine survival (Beamish et aI., 2006). 
Lepeophtheirus salmonis is a common parasite of salmonids 
in seawater in the Northern Hemisphere. The parasite undergoes 
direct development, which includes planktonic (2 nauplii), in-
fective (1 copepodid), and parasitic (4 chalimus, 2 preadult, I 
adult) stages (Johnson and Albright, 1991). In the Broughton 
Archipelago, L. salmon is and C. clemensi were found to infest 
a high proportion of three-spine stickleback (Gasterosteus acu-
leatus) (Jones, Prosperi-Porta et aI., 2006), which was a pre-
viously unrecognized host species for L. salmonis. Furthermore, 
the abundance of these parasites was lower on sticklebacks col-
lected from zones in which the seawater salinity was also low 
(Jones, Prosperi-Porta et aI., 2006). This observation is consis-
tent with the adverse effect of low salinity on the survival and 
Received 9 March 2007; revised 4 May 2007; accepted 23 May 2007. 
settlement of L. salmonis (Pike and Wadsworth, 1999; Boxas-
pen, 2006; Bricknell et aI., 2006). Thus, the relative roles of 
oceanographic processes and the availability of nonsalmonid 
and salmonid (farmed and nonfarmed) hosts in influencing the 
epizootiology of L. salmonis in the Broughton Archipelago re-
main unclear. The objective of this study was to describe pat-
terns of L. salmon is infestation, salmon size, water temperature, 
and salinity over 2 yr in the Broughton Archipelago. 
MATERIALS AND METHODS 
The study area, including its stratification into 11 zones, and the 
methods by which salmon were collected using beach and purse seine 
gear were described previously (Jones, Prosperi-Porta et aI., 2006). Data 
were collected during 6 periods, 3 in each of 2004 and 2005 (see Table 
I for the corresponding dates). Fish were collected from approximately 
10 sites per zone in all periods. Fish were confined into a small volume 
of water within the net, individually bagged directly from the net, la-
belled, and immediately frozen. The first 30 specimens of each salmon 
species to be bagged were selected for examination. The frozen speci-
mens were transported to the laboratory for species confirmation and 
microscopic examination. Wet weight and fork length were determined 
for each fish, and all lice, including those free in the bag, were counted, 
and identified to species and to developmental stage according to pub-
lished criteria (Kabata, 1988; Johnson and Albright, 1991). After iden-
tification, lice were stored in 70% ethanol for future reference. Salinity 
and temperature data were obtained from samples of surface seawater 
collected from most sites in each period. Salinity was estimated from 
condJlctivity using a salinometer as described previously (Jones et aI., 
2006), and temperature was measured using a hand-held thermometer. 
Prevalence, mean intensity, and mean abundance of L. salmonis were 
defined according to Bush et al. (1997). The significance of differences 
in these parameters was tested using the chi-square and Kruskal-Wallis 
tests. The significance of log-transformed weights was tested using Bon-
ferroni-adjusted 2-sample t-tests. The significance of differences in 
mean salinity and mean temperature was tested using the Kruskal-Wal-
lis test. In all cases, differences were considered significant when P :'5 
0.05. 
RESULTS 
Over 2 yr, 3,907 pink and 3,941 chum salmon were exam-
ined, and 23,750 L. salmon is in total were collected. Approxi-
mately 80% of all fish samples were obtained from 6 of the 11 
zones surveyed, i.e., D, E, F, G, H, and K (see Fig. 1; Tables 
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FIGURE 1. Map of study area showing major water bodies and zone designations. bi, Broughton Island; gi, Gilford Island. Reproduced from 
Jones et al. (2006). Journal of Parasitology 92: 473-480 (with permission). 
TABLE I. Infestations with Lepeophtheirus salmonis on pink salmon 
(Oncorhynchus gorbuscha) collected from the Broughton Archipelago, 
British Columbia. 
2004 2005 
Zone* It 2 3 2 3 
A Oll:j: 0/8 0/0 • '0/10 0/3 0/0 
B 111 0/2 0/0 0/3 0/2 0/0 
C 0/0 0/0 0/0 1113 0/0 0/0 
D 33/85 35/64 0/0 7/101 15/58 1/55 
E 49/98 64/107 112 211120 20/109 5/67 
F 222/285 63/112 36/56 11159 47/124 15/103 
G 61/111 24/37 5/8 82/234 14/48 5/57 
H 142/214 133/208 34/44 95/188 50/175 10/115 
I 114 9/9 0/0 19171 6/23 5/32 
J 0/1 0/3 0/0 0/3 III 0/0 
K 10/18 15/24 0/0 72/183 98/315 34/133 
* See Figure l for locations of zones. 
t Collection period (2004): I = 25 May-l June, 2 = 22-29 June, 3 = 20-26 
July; (2005): I = 23 May-l June, 2 = 20-29 June, 3 = 18-27 July. 
:j: Number infested/number examined. 
I, II). Similarly, 45.9% of samples were collected in period 1, 
whereas 18.7% were collected in period 3 (Table III). The 
weight of pink and chum salmon increased significantly during 
the surveys in both years (Table III), and this trend was evident 
in most zones, although the salmon tended to be smallest in 
zones A, B, C, and J. 
In both years, the overall prevalence of L. salmon is on pink 
salmon was significantly higher than on chum salmon (62.3% 
Vi:!: 58.6% in 2004; 26.4% vs. 23.1 % in 2005; P = 0.02 both 
years). A significantly higher overall prevalence was observed 
on both species in 2004 (P < 0.01). In contrast, the overall 
mean abundance of L. salmonis on chum salmon in 2004 (7.0 
:::':: 0.3) was significantly higher than on pink salmon (2.8 :::':: 0.2) 
(P < 0.01), whereas in 2005, there was no significant difference 
in overall mean abundance between the host species (0.6 :::':: 0.1 
and 0.5 :::':: 0.0, respectively) (P = 0.10). The overall abundance 
on both species was significantly higher in 2004 (P < 0.01). In 
both years, the overall mean intensity on chum salmon was 
significantly higher than on pink salmon (12.0 :::':: 0.4 vs. 4.5 :::':: 
0.2 in 2004; 2.5 :::':: 0.2 vs. 1.7 :::':: 0.1 in 2005) (P < 0.01 both 
years). The overall mean intensity on both species was signif-
icantly higher in 2004 (P < 0.01). 
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TABLE II. Infestations with Lepeophtheirus salmonis on chum salmon 
(Oncorhynchus ketal collected from the Broughton Archipelago, British 
Columbia. 
Zone* 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
2004 
It 2 3 
0/39:1: 0/5 % 0/34 
6/26 0/6 % 2/95 
2/2 % % 2123 
98/127 56/104 0/5 15/123 
32/36 57/134 6/60 11147 
2121218 48/64 25/61 17/64 
81/94 36/46 31/124 21129 
169/180 157/218 27/68 50/59 
39172 26/62 13/98 36/63 
111140 6170 2/47 16/83 
1661202 156/181 10121 26/40 
* See Figure I for locations of zones. 
t Collection period (see Table I for dates). 
:j: Number infested/number examined. 
2005 
2 
0/4 
0/25 
1/6 
1/20 
7/51 
5/19 
2/3 
39/121 
113 
0/42 
531165 
3 
0/0 
0/3 
012 
5/40 
0/5 
2/23 
0/9 
14/58 
l/l00 
0/2 
3170 
In 2004, the maximum number of L. salmon is observed was 
175 on a chum and 79 on a pink salmon, whereas in 2005 the 
maxima were 30 and 17, respectively. In 2004, 2, or fewer, lice 
were observed on 69.4% of pink and 53.2% of chum salmon, 
whereas in 2005, these values were 95.8% and 93.8% (Fig. 2). 
A category of > 10 lice per fish was notable in 2004 (5.7% of 
pink and 19.9% of chum salmon) but not in 2005 (0.04% and 
0.6%, respectively) (Fig. 2). In 2004, copepodids predominated 
on pink and chum salmon, whereas in 2005 the predominant 
stages were preadults on chum and adults on pink salmon (Fig. 
2). In both years, all 4 chalimus stages were more abundant on 
chum salmon than on pink salmon. 
Significant declines in the mean abundance of L. salmonis 
over the 3 collection periods occurred on chum salmon in both 
years and on pink salmon in 2005 (Table III). The mean abun-
dance on pink salmon increased between periods 2 and 3 such 
that the significantly lower mean abundance of L. salmon is on 
pink compared with chum salmon described above for 2004 
was only evident in periods 1 and 2. The prevalence on chym 
salmon decreased significantly over the 3 periods in both years 
and on pink salmon in 2005 (Table III). Parasite development 
was estimated by calculating the percentage of motile (preadult 
and adult) stages. Percentage of motile stages on pink salmon 
increased to 95% in both years. On chum salmon, percentage 
of motiles only increased significantly by period 3 in 2004 (Ta-
ble III). Significant reductions in the p.!IJportion of copepodids 
were observed on pink salmon in both years and on chum salm-
on in 2004. 
Similar spatial patterns in the abundance of L. salmonis were 
observed for both host species and in both years. Mean abun-
dance tended to be greatest in those zones within Tribune Chan-
nel (F, G, and H), lower Knight Inlet (E), and Well's Passage 
(K) (Fig. 3). Conversely, mean abundance was consistently 
lowest in the zones furthest inland (A, B, and J), and these 
patterns were most pronounced in periods 1 and 2. A decline 
in mean abundance was evident in most zones, resulting in a 
spatial pattern of mean abundance in period 3 that was less 
conspicuous than in earlier periods. Nevertheless, in period 3, 
differences in mean abundance among zones in which lice were 
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FIGURE 2. Distribution and developmental stages of Lepeophtheirus salmon is on juvenile pink and chum salmon in the Broughton Archipelago. 
Percentage of salmon with salmon lice in 2004 (A) and 2005 (B). Percent of developmental stages in 2004 (C) and 2005 (D). Co, copepodid; 
CI-C4, chalimus I to IV; PAd, preadult (both stages and sexes); Ad, adult (both sexes). 
detected were still significant (P < 0.01) on chum salmon in 
both years and on pink salmon in 2005. The prevalence on both 
salmon species also varied among zones and followed a trend 
similar to that described for abundance (Tables I, II). 
The mean surface salinity was 15.1 parts per thousand (ppt) 
(range, 0.02-30.5) in 2004 and 20.2 ppt (range, 0.05-30.9) in 
2005. Salinity decreased significantly between the first and third 
periods in both years (Table IV). In all periods, salinity was 
significantly lower in 2004 compared with 2005 (P < 9.01). 
Significant variation in salinity was observed among zones in 
both years (Fig. 4). Salinity was greatest in zones closest to the 
open ocean (E, H, and K) and least in zones furthest inland (A, 
B, and J). The significant decline in salinity among periods 
described above was most evident in those zones furthest from 
the open ocean (zones A, B, C, I, and J) (Fig. 4). 
The mean surface temperature was 14.6 C (range, 6.8-23.2 
C) in 2004 and 12.8 C (range, 8.5-19.8 C) in 2005. In both 
years, temperatures increased significantly between the first and 
second periods (Table IV), and a trend of increasing tempera-
ture was evident in most zones (Fig. 4). In all periods, the 
temperature was significantly higher in 2004 compared with 
2005 (P < 0.01) (Table IV). Significant differences in temper-
ature were evident among zones, and these differences were 
most pronounced in period 3 (Fig. 4). With the exception of 
zones A and B, temperatures were higher throughout the study 
area in 2004 compared with 2005. The warmest water occurred 
in Kingcome Inlet (zones I and J) in both years. The water was 
coolest in upper Knight Inlet (zone A) in 2004 and in lower 
Knight Inlet (zone E) in 2005. 
DISCUSSION 
Infestations with L. salmonis were observed on 2.5- to 
28.7-g pink and chum salmon from the Broughton Archipelago 
in British Columbia, Canada, collected over 2 yr. All measures 
of L. salmonis infestation in 2005 were significantly lower than 
in 2004, and in neither year were infestations uniform through-
out the study area. In addition, distinct patterns of infestation 
were observed on pink and chum salmon in both years. The 
present study confirmed earlier work documenting year-to-year 
differences in the abundance of L. salmon is on juvenile salmon 
in the Broughton Archipelago. Significantly higher abundances 
of L. salmonis were reported on juvenile pink and chum salmon 
in 2004 compared with 2002 and 2003 (Morton et al., 2005). 
The latter study reported an overall abundance of 9.75 for 2004, 
brit it did not report infestations on pink and chum salmon sep-
arately. Relatively low abundances were also reported for 2003, 
and in that year, C. clemensi was approximately 3 times more 
abundant than L. salmonis on both salmon species (Jones and 
Nemec, 2004). The abundance of L. salmonis on juvenile pink 
and chum salmon in the study area in 2006 was similar to that 
observed in 2003 (S. Jones, unpubI. obs.). Together, these stud-
ies support a significantly higher abundance of L. salmon is in 
2004 compared with the adjacent years. This pattern of inter-
annual variability with peak abundance occurring in 2004 was 
also evident on three-spine sticklebacks collected from the same 
area (Jones and Nemec, 2004; Jones, Prosperi-Porta et aI., 2006; 
S. Jones, unpubI. obs.). Interannual differences in the abun-
dance of L. salmon is on wild migrating salmon smolts have 
• 
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FIGURE 3. Mean abundance of Lepeophtheirus salmonis on juvenile pink salmon (Oncorhynchus gorbuscha) (A-B) and chum salmon (On-
corhynchus keta) (C-D), from zones within the Broughton Archipelago in 2004 and 2005. Error bars are SEM. See Figure I for locations of 
zones and Table I for dates of collection periods. 
also been reported from Norway (Heuch et aI., 2005). Morton 
et al. (2005) concluded that the relatively low abundance ob-
served in 2003 was the result of a coordinated fallow of several 
salmon farms along Tribune Channel coincident with the mi-
gration of the juvenile salmon. The absence of coordinated fal-
lows in 2002 and 2004 was said to have resulted in the elevated 
abundances observed in those years. However, the 4-fold re-
duction in abundance reported here for most zones and on both 
salmon species in 2005 also occurred in the absence of a 'Co-
ordinated fallow of farm sites in Tribune Channel (J. Constan-
tine and S. Saksida, pers. comm.). Furthermore, the abundance 
of L. salmonis on juvenile salmon in Tribune Channel was 
amongst the highest observed in each of 2003, 2004, and 2005, 
TABLE IV. Salinity and temperature of sl,wface seawater within the 
Broughton Archipelago, British Columbia, in 2004 and 2005. 
Sample 
Year Period size Salinity (%0) 
2004 1* 144 15.0 ± 0.7 
2 147 17.2 ± 0.8t 
3 144 13.2 ± 0.7+ 
2005 149 22.1 ± 0.7 
2 151 19.8 ± 0.8t 
3 149 18.8 ± 0.9t 
* See Table I for dates. 
t Significantly different from collection period I. 
:j: Significantly different from collection period 2. 
Temperature (OC) 
13.1 ± 0.1 
15.3 ± 0.2t 
15.6 ± 0.2t 
12.0 ± 0.2 
13.0 ± 0.2t 
13.4 ± 0.2t 
regardless of whether salmon farms were held fallow along this 
watercourse (Jones and Nemec, 2004). It is possible that treat-
ment of farmed salmon for sea lice infestations may explain 
the patterns of variation in L. salmon is abundance on the ju-
venile salmon. A fall in the abundance of caligid planktonic 
stages was observed in Loch Shieldaig shortly after farmed 
salmon in the loch were treated for L. salmon is infestations 
(Penston et aI., 2004). However, there were no significant dif-
ferences in annual sea lice treatment rates of farmed salmon in 
the Broughton Archipelago between 2003 and 2005 (Saksida et 
aI., 2007), suggesting treatment alone does not explain the year-
to-year variation in abundance. Variation in the capacity of sea-
water to support the development, survival, and retention of the 
planktonic nauplii in the study area requires consideration as an 
alterp.ative explanation. Temperature was significantly higher in 
2004 compared with 2005. The seawater temperature reported 
by Jones and Nemec (2004) for the equivalent of period 1 in 
2003 was lower than that of 2004 and 2005. Similarly, Morton 
et aI. (2005) reported cooler water temperatures in 2003 com-
pared with 2002 and 2004. Laboratory studies support a role 
of temperature in controlling developmental rates and promot-
ing settlement success of larval L. salmonis (Tucker et aI., 
2000). The apparent association of the abundance of L. sal-
monis and seawater temperature over several years requires 
closer examination. Future research should also focus on salin-
ity and temperature during the weeks preceding the juvenile 
salmon migration, because these factors may be informative in 
understanding the occurrence of infective copepodids when the 
salmon first encounter seawater. 
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In neither 2004 nor 2005 were L. salmonis infestations uni-
formly distributed within the study area. Despite the differences 
in overall abundance between years, the parasite was most com-
monly found on salmon from Tribune Channel (zones F, G, and 
H), lower Knight Inlet (zone E), and Well's Passage (zone K). 
This is similar to the distribution of L. salmonis and C. clemensi 
observed on pink and chum salmon in 2003 (Jones and Nemec, 
2004) and on sticklebacks in 2004 (Jones, Prosperi-Porta.et al., 
2006). Generally, juvenile salmon enter the sea from rivers 
within the study area and migrate westerly toward the open 
ocean. During this migration, they grow and move from areas 
of lower to higher salinity. The relatively low numbers of pink 
salmon collected from zones A, B, C, and J indicated that most 
salmon from rivers in the headwaters of Knight and Kingcome 
Inlets had already migrated from the..s~ regions when collections 
were made. In contrast, in period I of both years, chum salmon 
were still relatively abundant in these zones. Low abundances 
of L. salmon is were associated with zones in which the salmon 
were smallest and had the least opportunity for exposure to L. 
salmonis. In addition, the low salinities in these zones may have 
further impaired the viability and developmental potential of 
planktonic stages of the parasite, consistent with laboratory ob-
servations (Bricknell et al., 2006). A relatively low level of 
infestation in zones Band C was evident from the reduced 
proportions of copepodids on sticklebacks (6.7% and 2.6%, re-
spectively) (Jones, Prosperi-Porta et al., 2006). Interestingly, 
copepodids accounted for 33.6% of developmental stages on 
sticklebacks from another area of low salinity (zone J, < 10 ppt) 
(Jones, Prosperi-Porta et al., 2006), raising the possibility that 
the sticklebacks had migrated into this zone from areas of high-
er salinity or that the L. salmon is in the study area are more 
tolerant of reduced salinity than expected (see Pike and Wads-
worth, 1999). However, until salinity depth profiles are more 
adequately characterized within the study area, it is prudent to 
use the surface salinity values reported here as indicators of 
spatial trends in the abundance of L. salmonis, rather than as 
predictors of its presence or absence. Other studies have con-
cluded that local elevations in the abundance of L. salmonis 
and C. clemensi resulted from the proximity of the captured 
fish to salmon farms (Morton et al., 2004; Krkosek et al., 2005, 
2006). Although the conclusions drawn in the latter studies re-
main controversial (e.g., Brooks and Stucchi, 2006), it is well 
established from coastal regions of Scotland, Norway, and Ire-
land that the local abundance of planktonic and parasitic stages 
of L. salmon is is elevated when farmed salmon populations that 
occupy the same water body are known to be infested with egg-
producing female L. salmonis (McKibben and Hay, 2004; Pen-
ston et al., 2004; Heuch et aI., 2005). Thus, the present work 
is consistent with earlier studies in identifying spatial patterns 
in the variation of L. salmonis. The variation was shown here 
to occur on a population of rapidly growing juvenile salmon as 
they migrated through a coastal habitat of variable salinity and 
temperature. The significant spatial and temporal variations in 
abundance of L. salmonis on farmed salmon in this area (Sak-
sida et al., 2007) raises the possibility that common environ-
mental processes playa role in regulating the abundance of the 
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parasite on captive and wild populations. Thus, we are presently 
modeling the significance of environmental, host, and farm pa-
rameters as sources of variation in L. salmonis infestations on 
juvenile Pacific salmon. 
Temporal trends evident during each of the 2 yr included a 
decrease in salinity, an increase in temperature, and an increase 
in the weight of salmon in both species. The changes in salinity 
and temperature are seasonal and related to the estuarine flow 
resulting from increased summer melting of snow and ice in 
adjacent mountains (Foreman et aI., 2006). Similarly, the rapid 
growth of pink and chum salmon after entry into the ocean is 
well documented (Heard, 1991; Salo, 1991). Coincident with 
these trends was a decreasing abundance of L. salmonis on both 
species; however, trends in other measures of infestation were 
not consistent between pink salmon and chum salmon. For ex-
ample, the prevalence of L. salmonis increased on pink salmon 
but decreased on chum salmon in 2004, whereas prevalence 
decreased on both species in 2005. The occurrence of new in-
festations was estimated from the proportion of copepodids. As 
the percentage of copepodids decreased, motile stages became 
more abundant, increasing to approximately 95% on pink sal-
mon in both years and to 71 % on chum salmon in 2004. On 
chum salmon in 2005, however, the percentage of neither co-
pepodids nor motile stages changed over time. A smaller pro-
portion of motile L. salmon is was consistently observed on 
chum compared with pink salmon throughout the study. The 
distinct pattern of L. salmonis development, in addition to the 
overall higher level of infestation on chum compared with pink 
salmon, was similar to laboratory studies. Infestations in these 
studies were lower on juvenile pink salmon as a result of a 
more rapid rejection of L. salmonis from pink compared with 
chum salmon after controlled exposures (Jones, Kim, and 
Dawe, 2006; Jones et al., 2007). The trends suggested that, in 
general, infestations were acquired early during the seaward 
migration of pink salmon and that parasite development coin-
cided with salmon growth. This agrees with a life history strat-
egy in which L. salmonis infestations on salmon that overwinter 
in coastal habitats serve as a reservoir for infestations on ju-
venile salmon that have recently entered the ocean (Beamish et 
aI., 2007). The possibility that sticklebacks serve as a reser~oir 
of L. salmonis infestations that establish on juvenile salmon by 
the settlement of motile preadult stages requires further inves-
tigation. Prevalence on pink salmon remained between 60 and 
70% in 2004, indicating most infested fish remained in the pop-
ulation. In contrast, the declining prevalence on chum salmon 
in 2004 indicated a proportion of infested fish failed to remain 
in the population. In 2005, declining wevalences on both spe-
cies suggested infested fish did not remain in the population or 
that L. salmonis was rejected from the salmon. Although there 
are insufficient data to distinguish between these scenarios, the 
laboratory studies cited above, in combination with the rela-
tively low level of infestation observed in 2005, support the 
possibility that rejection by the host accounted for some of the 
reduced prevalence. 
The present study has documented significant spatial and 
temporal trends in L. saZmonis infestation on juvenile pink 
salmon and chum salmon over 2 yr, coincident with trends in 
salmon size, and in the temperature and salinity of surface sea-
water. Ongoing research seeks to establish the relative magni-
tude of these environmental and biological variables, relative to 
that of farmed salmon, III influencing the epizootiology of L. 
salmonis. 
ACKNOWLEDGMENTS 
We acknowledge the skippers and crews of the seine vessels Clupea, 
Lahaina foye, Walker Rock, and Western Eagle. We also thank P. Cal-
low of the Aquatic Animal Health Laboratory, Pacific Biological Sta-
tion. Drs. S. Johnson and S. Saksida provided critical comments on an 
early draft of this paper. This research was funded by Fisheries and 
Oceans Canada. 
LITERATURE CITED 
BEAMISH, R. J., S. JONES, C. NEVILLE, R. SWEETING, G. KARREMAN, S. 
SAKSIDA, AND E. GORDON. 2006. Exceptional production of pink 
salmon in 2003/2004 indicates that farmed salmon and wild Pacific 
salmon can coexist successfully in a marine ecosystem on the Pa-
cific coast of Canada. ICES Journal of Marine Science 63: 1326-
1337. 
---, C. M. NEVILLE, R. M SWEETING, S. R. M. JONES, N. AMBERS, 
E. K. GORDON, K. L. HUNTER, AND T. E. McDONALD. 2007. A 
proposed life history strategy for the salmon louse, Lepeophtheirus 
salmonis in the subarctic Pacific. Aquaculture 264: 428-440. 
BOXASPEN, K. 2006. A review of the biology and genetics of sea lice. 
ICES Journal of Marine Science 63: 1304-1316. 
BRICKNELL, I. R., S. J. DALESMAN, B. O'SHEA, C. C. PERT, AND A. J. 
MORDUE LUNTZ. 2006. Effect of environmental salinity on sea lice 
Lepeophtheirus salmonis settlement success. Diseases of Aquatic 
Organisms 71: 201-212. 
BROOKS, K. M. 2005. The effects of water temperature, salinity and 
currents on the survival and distribution of the infective copepodid 
stage of sea lice (Lepeophtheirus salmonis) originating on Atlantic 
salmon farms in the Broughton Archipelago of British Columbia, 
Canada. Reviews in Fishery Science 13: 177-204. 
---, AND D. J. STUCCHI. 2006. The effects of water temperature, 
salinity and currents on the survival and distribution of the infective 
copepodid stage of the salmon louse (Lepeophtheirus salmonis) 
originating on Atlantic salmon farms in the Broughton Archipelago 
of British Columbia, Canada (Brooks, 2005)-A response to the 
rebuttal of Krkosek et al. (2005a). Reviews in Fisheries Science 
14: 13-23. 
BUSH, A. 0., K. D. LAFFERTY, J. M. LOTZ, AND A. W. SHOSTAK. 1997. 
Parasitology meets ecology on its own tenns: Margolis et al. re-
visited. Journal of Parasitology 83: 575-583. 
FOREMAN, M. G. G., D. J. STUCCHI, Y. ZHANG, AND A. M. BAPTISTA. 
2006. Estuarine and tidal currents in the Broughton Archipelago. 
Atmosphere Ocean 44: 47-63. 
HEARD, W. R. 1991. Life history of pink salmon (Oncorhynchus gor-
buscha). In Pacific salmon life histories, C. Groot and L. Margolis 
(eds.). UBC Press, Vancouver, British Columbia, Canada, p. 121-
230. 
HEUCH, P. A., P. A. BJORN, B. FINSTAD, J. C. HOLST, L. ASPLIN, AND E 
NILSEN. 2005. A review of the Norwegian "National Action Plan 
Against Salmon Lice on Salmonids": the effect on wild salmonids. 
Aquaculture 246: 79-92. 
JOHNSON, S. c., AND L. J. ALBRIGHT. 1991. The developmental stages 
of Lepeophtheirus salmonis (Kr0yer, 1837) (Copepoda: Caligidae). 
Canadian Journal of Zoology 69: 929-950. 
JONES, S. R. M., M. D. FAST, AND S. C. JOHNSON. 2007. Differential 
rejection of salmon lice by pink and chum salmon: Disease con-
sequences and expression of proinftammatory genes. Diseases of 
Aquatic Organisms 75: 229-238. 
---, E. KIM, AND S. DAWE. 2006. Experimental infections with Le-
peophtheirus salmonis (Kr0yer) on threespine sticklebacks, Gas-
terosteus aculeatus L. and juvenile Pacific salmon, Oncorhynchus 
spp. Journal of Fish Diseases 29: 489-495. 
---, AND A. NEMEC. 2004. Pink salmon action plan: Sea lice on 
juvenile salmon and some non-salmonid species in the Broughton 
Archipelago in 2003. Canadian Science Advisory Secretariat Re-
search Document 20041105. Fisheries and Oceans Canada, Ottawa, 
Ontario, Canada, 87 p. 
---, G. PROSPERI-PORTA, E. KIM, P. CALLOW, AND N. B. HAR-
JONES AND HARGREAVES-SALMON LICE ON JUVENILE PACIFIC SALMON 1331 
GREAVES. 2006. The occurrence of Lepeophtheirus salmonis and 
Caligus clemensi (Copepoda: Caligidae) on threespine stickleback 
Gasterosteus aculeatus in coastal British Columbia. Journal of Par-
asitology 92: 473-480. 
KABATA, Z. 1988. Copepoda and Branchiura. In Guide to the parasites 
of fishes of Canada. Part II-Crustacea, L. Margolis and Z. Kabata 
(eds.). Canada Special Publication in Fisheries and Aquatic Sci-
ences 101, Ottawa, Ontario, Canada, p. 3-127. 
KRKOSEK, M., M. A. LEWIS, A. MORTON, L. N. FRAZER, AND J. P. VOLPE. 
2006. Epizootics of wild fish induced by farm fish. Proceedings of 
the National Academy of Sciences USA 103: 15506-15510. 
---, ---, AND J. P. VOLPE. 2005. Transmission dynamics of par-
asitic sea lice from farm to wild salmon. Proceedings of the Royal 
Society B 272: 689-696. 
McKIBBEN, M. A., AND D. W. HAY. 2004. Distributions of planktonic 
sea lice larvae Lepeophtheirus salmonis in the inter-tidal zone in 
Loch Torridon, Western Scotland in relation to salmon farm pro-
duction cycles. Aquaculture Research 35: 742-750. 
MORTON, A., R. ROUTLEDGE, AND R. WILLIAMS. 2005. Temporal patterns 
of sea louse infestation on wild Pacific salmon in relation to the 
fallowing of Atlantic salmon farms. North American Journal of 
Fisheries Management 25: 811-821. 
.J 
---, ---, C. FEET, AND A. LADWIG. 2004. Sea lice (Lepeophthei-
rus salmonis) infection rates on juvenile pink (Oncorhynchus gor-
buscha) and chum (Oncorhynchus keta) salmon in the nearshore 
marine environment of British Columbia, Canada. Canadian Jour-
nal of Fisheries and Aquatic Sciences 61: 147-157. 
FENSTON, M. J., M. A. McKIBBEN, D. W. HAY, AND P. A. GILLIBRAND. 
2004. Observations on open-water densities of sea lice larvae in 
Loch Shieldaig, Western Scotland. Aquaculture Research 35: 793-
805. 
PiKE, A. W., AND S. L. WADSWORTH. 1999. Sea lice on salmonids: Their 
biology and control. Advance in Parasitology 44: 233-330. 
SAKSIDA, S., G. A. KARREMAN, J. CONSTANTINE, AND A. DONALD. 2007. 
Differences in Lepeophtheirus salmonis abundance levels on At-
lantic salmon farms in the Broughton Archipelago, British Colum-
bia, Canada. Journal of Fish Diseases 30: 357-366. 
SALO, E. O. 1991. Life history of chum salmon (Oncorhynchus keta). 
In Pacific salmon life histories, C. Groot and L. Margolis (eds.). 
UBC Press, Vancouver, British Columbia, Canada, p. 231-309. 
TUCKER, C. S., C. SOMMERVILLE, AND R. WOOTTEN. 2000. The effect of 
temperature and salinity on the settlement and survival of cope-
podids of Lepeophtheirus salmonis (Kr~yer, 1837) on Atlantic 
salmon, Salmo salar L. Journal of Fish Diseases 23: 309-320. 
• 
J. Parasitol., 93(6), 2007, pp. 1332-1342 
© American Society of Parasitologists 2007 
TUBIFEX TUBIFEX FROM ALASKA AND THEIR SUSCEPTIBILITY TO 
MYXOBOLUS CEREBRALIS 
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ABSTRACT: Although widespread throughout the continental United States, Myxobolus cerebralis, the myxozoan parasite that 
causes whirling disease in salmonids, has not been reported from the state of Alaska. As part of a risk assessment for the 
introduction and establishment of M. cerebralis into Alaska, the distribution of the invertebrate host Tubifex tubifex was surveyed, 
and its genetic composition and susceptibility to the parasite were determined. Many oligochaetes, but no T, tubifex, were collected 
from southeastern Alaska; however, 4 lineages of T. tubifex (I, III, IV, and VI) were identified from south-central Alaska. Lineage 
IV had not been previously described in North America, and its susceptibility to M. cerebralis was unknown. When lineage IV 
T. tubifex and 3 mixed lineage (I, III, IV, and VI) groups were exposed to M. cerebralis, only lineage III became infected under 
our experimental conditions. Infection occurred in this lineage even when it made up just 3% of the population. Implications of 
the presence of nonsusceptible lineages of T. tubifex on Alaskan salmonids would be significant in areas where these lineages 
dominate T. tubifex populations. 
Myxobolus cerebralis, the myxosporean parasite responsible 
for whirling disease in salmonids, has caused severe declines 
in wild trout populations in the intermountain west of North 
America (Walker and Nehring, 1995; Vincent, 1996; Nehring 
et aI., 1998). The parasite's definitive host, the oligochaete 
worm Tubi/ex tubifex (Wolf and Markiw, 1986; El-Matbouli 
and Hoffmann, 1998), is a hearty and cosmopolitan species ca-
pable of withstanding extreme and variable environmental con-
ditions. Such qualities allow the worm to inhabit areas where 
other species cannot compete, and thus to span across ecosys-
tems as a widespread aquatic invertebrate. 
Tubifex tubifex are commonly found in environments with 
abundant organic matter, fine sediments, and low flow (Brink-
hurst and Gelder, 1991; Brinkhurst, 1996). The species is tol-
erant of low oxygen, desiccation, and variable temperature re-
gimes (Reynoldson, 1987; Brinkhurst, 1996). Populations have 
consequently been found in environments extending from very 
unproductive high-latitude lakes to eutrophic, nutrient-rich 
lakes (Milbrink, 1994). Tubifex tubifex are important members 
of the aquatic ecosystem, and they playa vital role in breaking 
down organic matter and ingesting sediments (Brinkhurst and 
Gelder, 1991). 
Although T. tubifex is thought to be cosmopolitan, it is "I1.ot 
usually a common species (Brinkhurst, 1996), and its identifi-
cation can be complicated. Positive identification is based on 
morphology of the reproductive structures such as the penis 
sheath, vas deferens, and atrium (Brinkhurst, 1996). Worms 
must be sexually mature to be confidently identified, but repro-
ductive organs are reabsorbed after breeding (Poddubnaya, 
1984), a further hindrance to identification. Additionally, the 
number of chaete, another important diagnostic trait, may vary 
depending on environmental conditions (Chapman and Brink-
hurst, 1987). Nonmature T. tubifex can be difficult to distin-
guish phenotypically from other oligochaetes with similar phys-
ical characteristics, such as Ilyodrilus temple toni and Rhyacod-
rilus spp. Genetic assays have been developed for such differ-
entiation among species (Beauchamp et aI., 2001; Hallett et aI., 
2005). 
In addition to complexities with identification of the species, 
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recent studies have revealed the presence of 6 cryptic mito-
chondrial (mt) lineages of T. tubifex (lineages I-VI) (Sturm-
bauer et aI., 1999; Beauchamp et aI., 2001). Lineages cannot 
be distinguished morphologically; therefore, they must be dif-
ferentiated genetically. Four lineages (I, III, V, and VI) have 
been reported from North America (Beauchamp et al., 2001), 
and 5 are known from Europe (I-V) (Sturmbauer et al., 1999). 
Lineages II and IV have been described only from Europe and 
lineage VI only from North America. Lineages commonly co-
habitate, with more than a single given lineage found at a lo-
cation, although populations can be monolineal (Beauchamp et 
al., 2006). Susceptibility of T. tubifex lineages to infection by 
M. cerebralis differs from highly susceptible to completely re-
sistant. Populations of lineages I and III have been shown to 
propagate the parasite, whereas lineages V and VI do not 
(Beauchamp et aI., 2002; DuBey et al., 2005). Although mt 16S 
rDNA does not directly confer resistance to M. cerebralis, the 
relationship can be useful in assessing general susceptibility. 
The present study was conducted as part of a risk assessment 
for the introduction and establishment of M. cerebralis into the 
state of Alaska. Myx,obolus cerebralis has never been reported 
in Alaska, although monitoring for the parasite in the state is 
limited. The nearest known enzootic area is the Snake River 
basin in northeastern Oregon and Idaho. The risk assessment 
included a T. tubifex survey to determine the presence, relative 
abundance, and lineages of T. tubifex from locations sampled 
in southeastern and south-central Alaska. Subsequent laboratory 
parasite-exposure experiments were conducted to determine the 
susceptibility of these lineages to M. cerebralis, with particular 
focus on a lineage previously unknown in North America. This 
article describes results from both the T. tubifex survey and 
lineage susceptibility experiments. 
MATERIALS AND METHODS 
Status of M. cerebralis in Alaska 
A qualitative survey was conducted to determine presence and rela-
tive abundance of T. tubifex. Areas most likely to contain the organisms 
were targeted for sampling, i.e., those with low flow, fine sediments, 
and accumulations of organic material. Due to the magnitude in geo-
graphic size of Alaska (the state is approximately the size of the con-
tinent of Europe [Pagano, 2000]), this study focused on the areas of the 
state where we considered the likelihood for introduction and establish-
ment of M. cerebralis to be highest (Arsan, 2006), specifically south-
eastern and south-central Alaska (the Cook Inlet basin) (Fig. 1). These 
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FIGURE 1. Map of study locations, sampling locations for Tubifex tubifex (black dots), and rainbow trout (Oncorhynchus rnykiss) hatcheries 
(triangles) in south-central and southeastern Alaska. 
locations have physical attributes that are well suited for parasite intro-
duction and proliferation, temperatures appropriate for parasite propa-
gation, populations of salmonids susceptible to the pathogen, a large 
commercial or sport fishery, and they are accessible by boat or car. 
Study area 
Oligochaetes were sampled from waterways in southeastern and 
south-central Alaska during August and September 2005 (Fig. I). Ad-
ditionally, 2 fish hatcheries were sampled, representing the only loca-
tions in the state where rainbow trout (the species most susceptible to 
M. cerebralis [MacConnell and Vincent, 2002; Sollid et a!., 2002]) are 
reared. Samples from both Fort Richardson (FfR) and Elmendorf hatch-
eries (in south-central Alaska) were collected in November 2004 and 
May 2005. 
In southeastern Alaska, Peterson and Montana creeks (near Juneau) 
were sampled. Southeastern Alaska has a maritime climate, and it is 
within the Pacific Northwest temperate rain forest ecosystem. The area 
has cool winters and wet summers with stream temperatures generally 
warmer than those in the interior of the state. Peterson Creek annual 
water temperatures ranged from 0 to 16 C during 2002-2004 (R. Har-
ding, pers. comm.). The natural hydrographs of these creeks are influ-
enced by spring snowmelt and autumn rainfall (Montgomery et a!., 
1996; Milner et a!., 1997; Chaloner et a!., 2004). Peterson and Montana 
creeks have small basins, typical of coastal southeastern Alaska, where 
mountains and ice fields rise sharply from sea level and create relatively 
short watersheds that flow into the Pacific Ocean. Both creeks originate 
in the Taku Mountain Range and flow less than IS km (Alaska Atlas 
and Gazetteer, 1998) to the protected waters of the inside passage off 
the Gulf of Alaska. The creeks support various salmonid populations, 
including steelhead trout (Oncorhynchus wykiss); pink (0. gorbuscha), 
chum (0. keta), and coho (0. kisutch) salmon; Dolly Vardon (Salvelinus 
rnalrna); and coastal cutthroat trout (0. clarkii) (Harding and Jones, 
1992; Chaloner et a!., 2004). There is a barrier to fish migration ap-
proximately 2 km from the Peterson creek mouth; sampling was con-
ducted below this barrier and before the short tidal area at the creek 
mouth. 
In south-central Alaska, Ship and Campbell creeks and the Kenai 
River were sampled. These rivers are in the Cook Inlet basin, which is 
home to more than half the state's human population. The area has a 
transitional climate (National Climate Center, 1982), and it is the eco-
tone between the Pacific Northwest rain forest and the northern boreal 
forest. Annual water temperatures in these streams range from 0 to 16.5 
C (U.S. Geological Survey [USGS], 2006a, 2006b). Hydrographs in the 
basin are highly predictable and influenced by snow and glacier melt 
in the summer; typical freshwater inflow into Cook Inlet is IS times 
higher in July than in February (Dorava and Milner, 2000). 
Ship and Campbell creeks, which originate in the Chugach Moun-
tains, run west through the city of Anchorage, and they are impacted 
by urban development. The Kenai River flows approximately 132 un-
regulated kilometers across the width of the Kenai Peninsula. The river 
has several distinct sections. The upper section (Kenai Lake to Skilak 
Lake) is included in the Kenai National Wildlife Refuge, and it has a 
more pristine character; the middle and lower sections of the river (Ski-
lak Lake to Cook Inlet) contain more private property, industry, urban-
ization, and motorized vessels. 
The Kenai River is the largest freshwater sport fishery in Alaska 
(Hammarstrom, 1988), and it supports populations of rainbow trout; 
Chinook, coho, pink, and sockeye (0. nerka) salmon; and Dolly Vardon. 
Ship and Campbell creeks support populations of these species, as well 
as chum salmon (Miller and Bosch, 2004). Ship Creek is the most 
popular sport fishery in the Anchorage area, and it sustains the only 2 
hatcheries, FfR and Elmendorf, in the state that rear rainbow trout. 
Ship and Campbell creeks and the lower Kenai River have numerous 
sources of potential organic loading due to their urban proximity, com-
mercial and industrial activity, stream bank degradation due to recrea-
tional traffic, and large pulses of organic material from spawning salm-
on runs. Sampling locations in the Cook Inlet were chosen to represent 
water bodies with and without fish hatcheries, urban development, and 
glacial sources. 
Tubifex tubifex collection and isolation 
Oligochaete samples from hatchery settling ponds at FfR and El-
mendorf (both on Ship Creek) were obtained in autumn 2004 and again 
in 2005. In 2004, sediments were collected with a shovel and shipped 
in fresh water and on ice to the Salmon Disease Laboratory (SDL), 
Corvallis, Oregon. In 2005, sediment samples were obtained via 19-L 
bucket and 500-fl,m sieve or by 500-fl,m mesh kicknet. A bucket was 
used to scrape the substratum of the stream and collect sediment. Sed-
iment was swirled with water in the bucket to dislodge worms and allow 
heavy particulates to sink to the bottom. Water with suspended material 
was poured through a sieve and washed with water to remove fines. In 
areas too deep or too rocky for a bucket, a kick net was used. The 
remaining sample was deposited in a bag with clean water, placed on 
ice, and sent to the SDL. 
Once in the laboratory (within 1-4 days after sampling), the water 
in which samples were shipped was passed through a 20-fl,m mesh filter 
and inspected microscopically to determine whether myxozoan actino-
spores were present. The sediment was then rinsed through a 246-fl,m 
screen to flush out fines. Bulk organic matter was retained and placed 
in a 24.8- X 14-cm shallow container and covered with water. The 
sample was swirled to evenly distribute sediments and organisms, and 
a 24-cell grid was placed over the top of the container. Three subsam-
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FIGURE 2. Tubifex tubifex lineages from Fort Richardson Hatchery, 
Alaska. Agarose gel electrophoresis of PCR-amplified genomic DNA 
using mt 16S rDNA lineage-specific primers. Two lineages were pres-
ent: I (196 base pairs [bpJ) and IV (2 bands at 320 bp and 147 bp). A 
negative control (water) and a positive control (lineage III, 147 bp) were 
included. A 50-bp DNA Ladder is shown on both sides of the gel (2% 
agarose). 
pIes were taken by simultaneously inserting Plexiglas squares (roughly 
4 X 3.6 cm) into 3 randomly assigned cells in the grid. The material 
within each square was removed (approximately 30 ml) and sorted on 
a white tray. Oligochaetes were collected and inspected under a micro-
scope to determine presence of hair chaete. In subsamples with >500 
worms, only 7.5-15 ml was sorted, and numbers were extrapolated to 
total 30-ml subsample volume. This was only necessary in subsamples 
from Centennial and Eagle Rock boat landings on the lower Kenai River 
and from above Amalga Lake on Peterson Creek in southeastern Alaska. 
Tubifex tubifex characterization 
A subsample of 10 worms with both hair and pectinate chaete was 
mounted on slides for positive identification (Brinkhurst, 1986). Anoth-
er 10 worms with both hair and pectinate chaete were assayed using a 
species-specific polymerase chain reaction (PCR) (Hallett et aI., 2005) 
to determine percentage of worms with morphological T. tubifex char-
acteristics that were actually T. tubifex. All 10 worms suspected to be 
T. tubifex morphologically were determined to be so by genetic tests; 
thus, hair and pectinate chaete were used as the definitive identification 
method for the remainder of the sorting pfoCess. Rinsed samples were 
maintained in culture at 12.8 C in an incubator with an air stone or on 
flow-through well water. 
Oligochaete genetic analyses 
In addition to the 10 worms subsampled for species characterization, 
20 more T. tubifex per sample location were genetically assayed to 
determine lineage. In samples with fewer than 20 total T. tubifex, all T. 
tubifex found were assayed. Worms were digested with 95 [11 of ATL 
buffer (QIAGEN, Valencia, California) and 5 [11 of proteinase K at 55 
C, boiled for 5 min, and diluted 1:101 with buffer AE (QIAGEN), and 
then stored frozen. A T. tubifex species-specific PCR assay was con-
ducted following Hallett et aI. (2005), Lineages were determined based 
on the PCR assays described by Beauchamp et aI. (2001) and Sturm-
bauer et aI. (1999). PCR products were visualized by gel electrophoresis 
(2% agarose) and UV illumination (Fig. 2). 
Worms morphologically identified as T. tubifex but that did not vis-
ibly amplify in the lineage assay had their mt 16S rDNA sequenced to 
determine whether they were a novel lineage or a different species. Two 
other morphologically similar tubifids, Rhyacodrilus sodalis and Ilyod-
rilus templetoni, whose sequences were not available on GenBank, were 
also sequenced. The gene was amplified with either the primers 
Tub16SF and Tub16SR (Beauchamp et aI., 2001) or 16sar and 16sbr 
(Sturmbauer et aI., 1999). Products were purified using a QIAquik PCR 
purification kit (QIAGEN). DNA concentration was measured using a 
NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies, Wil-
mington, Delaware). Samples were sequenced in 1 direction with 
Tubl6SF or 16sar and ABI Big Dye Terminator chemistry on a Cap-
illary 3100 Genetic Analyzer (Applied Biosystems, Foster City, Cali-
fornia) at the Oregon State University sequencing facility (Center for 
Gene Research and Biotechnology, Central Service Laboratory, Cor-
vallis, Oregon). Sequences were aligned in BioEdit (Hall, 1999) with 
other T. tubifex and selected oligochaetes from GenBank. A standard 
nucleotide-nucleotide BLAST (blastn) search also was conducted (Alt-
schul et aI., 1997). 
Myxobolus cerebralis susceptibility experiments 
Experimental protocols: Two exposure experiments were conducted. 
The first concentrated on lineage IV T. tubifex, whereas the second 
included T. tubifex of all identified lineages from Alaska. The initial 
focus of these experiments was on lineage IV, because the susceptibility 
of this novel group was unknown. However, after the start of this study, 
other studies changed our understanding of what lineages are suscep-
tible, finding that only lineage III is susceptible to the parasite (data not 
shown; B. Nehring, pers. comm.). Thus, a second exposure experiment 
was conducted to compare susceptibility of all lineages found in Alaska 
with those from elsewhere in North America. 
First exposure~Susceptibility of lineage IV T. tubifex to M. cere-
bralis: FTR T. tubifex were chosen for this study, because the popula-
tion was shown to have a high concentration of lineage IV worms. The 
FTR T. tubifex collected in 2004 were 81 % lineage IV; the remainder 
were lineage I. Samples (in original sediment) from FTR were allowed 
to acclimatize to 12.8 C water for approximately 30 days before the 
start of the experiment. A known M. cerebral is-susceptible strain of T. 
tubifex (lineage III) was collected for a reference group, from Wizard 
Falls Fish Hatchery (WF) on the Metolius River, Oregon. 
Triplicate groups of 100 worms from both FTR and WF and a single 
unexposed FTR control group were used for the parasite challenge (total 
of 7 groups). Worms were held in 38.5-cm2 plastic containers at a den-
sity of 2,597 worms/m2 with 1-2 cm of coarse and fine sand and slow-
flowing 12.8 C well water. 
Myxobolus cerebralis myxospores were collected from rainbow trout 
infected and held at the SDL. Heads of infected fish were removed and 
processed in a blender. Spores from the resulting suspension were enu-
merated using a hemocytometer. Worms were exposed to 500 myxo-
spores each. Running water was diverted for the first 48 hr to allow 
myxospores to settle to the bottom of containers. Spores were left in 
the worm containers after exposure to imitate a natural source of infec-
tion that would likely not be removed after 24-48 hr. Worms were fed 
once a week (after screening) with ALGAMAC-2000 (Biomarine Inc., 
Hawthorne, California). 
S~mples were filtered for triactinomyxon (TAM) spores through a 
20-[1m mesh screen twice a week beginning at 60 days postexposure 
(PE). This time period was chosen as the earliest date of initial TAM 
release from T. tubifex has occurred at 74 days PE at 15 C (Gilbert and 
Granath, 2001), the latest at 182 days PE (Kerans et aI., 2005). Water 
inflow was diverted for 24 hr before screening. Replicates were pooled 
for screening until TAMs were detected. Two 50-[11 aliquots of the 
retained screened material were placed on a glass microscope slide, air-
dried, and examined with a compound microscope at X 100 magnifi-
cation with phase contrast. TAMs were extrapolated to number per mil-
liliter. 
At peak TAM release in the WF reference group, subsamples of 20 
worms per replicate were separated into 24-well plates and monitored 
for 48 hr for individual worm TAM release. After 48 hr, the worms 
were frozen for infection verification via quantitative (Q)PCR. Because 
no TAMs had been detected in the FTR group, 20 worms per replicate 
were separated at the same time as the WF group, with individual 
worms directly frozen for genetic analysis. A M. cerebralis QPCR assay 
(Kelley et aI., 2004; see below) was performed to ascertain whether 
worms were infected but not releasing TAMs. The lineage of all worms 
also was determined. 
Biweekly filtering was continued until TAM numbers significantly 
declined or were near 0, 191 days PE. Worms were held until 280 days 
to assess postinfection survival and reproduction. At this point, remain-
ing individual worms were counted and assessed as adults or juvenile 
progeny from original worms placed in containers at day O. Juveniles 
were frozen for lineage analysis to assess changes in lineage structure 
of the population. 
Second exposures-Susceptibility of Alaskan T. tubifex lineages I, III, 
IV, and VI: A second round of experimental exposures to M. cerebralis 
was conducted to test the susceptibility of all the lineages found in 
Alaska: I, III, IV, and VI. Six groups of T. tubifex were used, i.e., 3 
mixed lineage groups (A, B, and C), an FIR group from the first ex-
perimental exposure, a WF reference group, and a WF unexposed con-
trol group. Group A (71 % I, 21 % III, 4% IV, and 4% VI) was chosen 
as it had the largest proportion of lineage III. Group B (90% VI and 
10% III) was used for its large proportion of lineage VI. Group C (84% 
I, 8% III, 3% IV, and 5% VI) was selected, because it had the greatest 
proportion of lineage I. These lineage proportions were determined from 
the T. tubifex survey, and they may have changed in the laboratory 
before their use in exposure experiments. The final proportions, deter-
mined at the end of the experiment, are listed in Table III. No Alaskan 
unexposed controls were included because worm numbers were insuf-
ficient, and our aim was to determine which worms were susceptible 
irrespective of whether these became infected before or during the ex-
periment. 
Lineage IV worms from the first experimental exposures were re-
exposed to assess whether their susceptibility is dependent on maturity 
or size. At the time of previous exposure, they were small in comparison 
with other worms we have sampled from the Pacific Northwest. Because 
these were the first data for Alaskan T. tubifex, it was unknown whether 
these specimens were simply smaller due to the climatic and environ-
mental pressures of their high-latitude environment, and if given the 
opportunity, they would grow larger. Indeed, after being held in the 
laboratory the worms matured and reproduced; thus, they were re-ex-
posed as adults. 
In the second exposure challenge, the first-round methods were mod-
ified to ensure similar methods, and thus comparison, with research in 
other laboratories. Two hundred worms per container were used (density 
5,194 worms/m2), with l-cm clean coarse and fine sand. Filtering was 
conducted every 7-10 days starting at 100 days PE, a date by which 
other studies have documented TAM release to begin (Gilbert and Gran-
ath, 2001; Blazer et aI., 2003; Kerans et aI., 2004; Beauchamp et aI., 
2006). Numbers of TAMs released from the WF reference group were 
counted until numbers exceeded 7,000 TAMs per 100 ILl of filtrate. 
Numbers above this value were noted as "greater than 7,000." Filtering 
ended at 160 days PE, because TAM release in the Alaskan groups had 
begun to decline. 
At 120 days, 50 worms from each group that was releasing TAMs 
were separated into 24-well plates, and they were monitored for 48 hr 
for individual worm TAM release. This number was selected to detect 
an infection prevalence of at least 5% (with 95% confidence) (USFWS 
and AFS-FHS, 2003). At the end of the experiment, all worms were 
counted, and adults were frozen at -4 C for genetic analyses described 
in the first experimental exposures. 
# , 
Myxobolus cerebralis QPCR 
To detect M. cerebra lis-infected worms, the QPCR assay described 
by Kelley et aI. (2004) was followed, except that 4 ILl of extracted DNA 
was used in a final reaction volume of 20 ILl. Reactions were performed 
in an ABI PRISM 7000 Sequence Detection System (Applied Biosys-
tems) in either ABI PRISM@ optical tubes or MicroAmp® optical 96-
well reaction plates. A negative (water) and positive (spores or infected 
fish) control were included in each run. In the second experimental 
exposures, individual extracted samples were pooled into groups of 4 
worms per reaction, with 1 ILl from each worm used. This method was 
tested with worms with known levels of infection to ensure that pooling 
samples would be sensitive enough to detect 1 worm with a low infec-
tion. If infection was detected, worms in that pool were assayed indi-
vidually. The pooled samples were run singly and rerun if the ampli-
fication plot was dubious. An individual sample presenting a cycle 
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threshold (Ct) value of 35 or less was considered infected (Hallett and 
Bartholomew, 2006). 
Statistical analyses 
Statistical analyses were conducted using S-PLUS 7.0 software 
(S-PLUS statistical software, Insightful Corporation, Seattle, Washing-
ton). In the first exposure experiment, percentage of adult survival of 
the Alaskan and WF reference replicates was compared using a pooled 
variance 2-sample t-test. In the second exposure experiments, there were 
no replicate groups; thus, the resulting single data points for worm 
survival were insufficient for statistical comparison. Similarly, statistical 
comparisons of lineage composition among sampling locations and ex-
perimental groups were not conducted, because our survey methods 
were qualitative and the purpose of the experiments was to ascertain 
susceptibility, not to compare groups. 
RESULTS 
Tubifex tubifex survey 
More than 2,700 oligochaetes were collected from south-
eastern Alaska (Table I); however, none of the worms assayed 
was T. tubifex. Many of the nonmature worms from this area 
were identified as T. tubifex morphologically, until contrary ge-
netic identification; sequencing indicated these specimens to be 
most similar to Rhyacodrilus sodalis, an oligochaete with com-
parable morphological traits to T. tubifex, such as hair chaete. 
Because worms from other sample locations in south-central 
Alaska that had hair cheate were in fact T. tubifex, this trait 
was used as a determining factor while processing samples. 
This method was also successful in other studies (Zendt and 
Bergerson, 2000; Allen and Bergerson, 2002), but it proved 
unsuccessful for the samples from southeastern Alaska. 
Tubifex tubifex were abundant at certain locations in south-
. central Alaska, with the highest numbers on the lower Kenai 
River, particularly at Centennial (river km 32.8) and Eagle Rock 
(river km 18.2) boat landings (Table I). Tubifex tubifex also 
were identified from Ship and Campbell creeks in the Anchor-
age subbasin, although not in the Upper or Middle Kenai River 
on the Kenai Peninsula. Furthermore, settling ponds at the 2 
fish hatcheries provided many T. tubifex (Table II). Other oli-
gochaetes morphologically identified in the survey include 
Lumbriculus variegatus, Spirosperma nikolski, Kincaidiana 
hexatheca, and members from the N aididae. 
Four mt lineages, I, III, IV, and VI, were identified in south-
central Alaska, and T. tubifex populations were generally a mix-
ture of 2-3 of these (Table I). Lineage I dominated (71-86%) 
locations on Ship Creek and Campbell Creek, whereas Lineage 
VI dominated (69%) the Lower Kenai River. Lineage III was 
pre'sent in low numbers (7-21 %) throughout the Cook Inlet ba-
sin at 7 of the 9 locations where T. tubifex was found. However, 
it was not identified from any of the hatcheries. 
The FTR hatchery settling pond on Ship Creek had the great-
est abundance of lineage IV worms. This lineage was also 
found in Ship Creek near both FTR and Elmendorf hatcheries, 
but not elsewhere in Alaska. Four of the lineage IV worms were 
sequenced to confirm the results of the lineage assay; a BLAST 
search revealed them to be most similar to a lineage IV T. 
tubifex from Europe (Sturmbauer et aI., 1999; AJ22591O). 
There were 4 base differences (1.2%) over the aligned 325 ba-
ses, which is consistent with the intralineage variation deter-
mined by Sturmbauer et al. (1999). 
The mt 16S rDNA was sequenced from a subset of worms 
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TABLE I. Abundance and mitochondrial lineage of Tubifex tubifex from survey locations (excluding hatcheries). 
Locations 
Locations with Total T. Worms Worms 
River sampled T. tubifex worms * tubifext assayed:j: sequenced Lineages (%) 
Southeastern Alaska 
Peterson Creek 4 0 2,741 0 61 2 nla§ 
Montana Creek 4 0 54 0 42 1 nla 
Total southeast 8 0 2,795 0 103 3 
South-central Alaska 
Ship Creek 6 5 1,545 251 71 3 I (71), III (21), IV (7) 
Campbell Creek 6 2 415 135 49 2 I (86), III (14) 
Upper Kenai River 6 0 117 0 7 0 nla 
Mid Kenai River 6 0 55 0 13 0 nla 
Lower Kenai River (before brackish area) 4 3 6,578 4,805 61 2 I (24), III (7), VI (69) 
Total south-central 28 10 8,710 5,191 199 7 
Total 36 10 11,505 5,191 302 10 
* Total wonns; 3 subsamples of 30 ml each per sample processed. 
t Total T. tubifex in 3 subsamples of 30 ml each from each location. Total is adjusted: total wonns morphologically identified as T. tubifex minus percentage identified 
as false positive (determined to be another species by PCR). 
:j: Assayed by both T. tubifex species-specific and lineage peRs. 
§ nla = not applicable. 
that did not amplify in the lineage PCR but did amplify in the 
T. tubifex species-specific PCR. Sequences were genetically 
identical to each other and to a lineage I T. tubifex from Europe 
(Sturmbauer et al., 1999; AJ225904). However, they differed 
(in 2-4 base positions over 300 bp) to 2 other European lineage 
I worms (AJ225903 and AJ225906). 
Actinospore screening from survey locations 
No M. cerebralis TAMs were observed in filtrates from any 
of the locations sampled in the T. tubifex survey. However, 
actinospores of several other myxozoans were found in both 
southeastern and south-central Alaska; these were genetically 
identified as Sphaerospora oncorhynchi, .Myxobilatus gaster-
ostei, and the CKX organism TAM (unknown coho kidney par-
asite [Jones et aI., 2004]) (S. Atkinson, pers. comm.). Other 
unidentified TAM and raabeia type actinospores also were 
found. This validates that our methodology was sufficient for 
detecting M. cerebralis TAMs. 
Susceptibility of lineage IV T. tubifex to M. cerebra/is 
No TAMs were detected from any of the 3 replicates of lin-
eage IV worms from FIR (Table III; Fig. 3). Typical signs of 
infection (decreased growth, slowing or absence of reproduc-
tion) were not observed; to the contrary, the FTR worms con-
tinued to reproduce and grow in size. QPCR verified no M. 
cerebralis infection. 
TAM release in the susceptible WF reference group of T. 
tubifex began at 98 days PE (Table III; Fig. 3). This group 
exhibited peak TAM release (>270 spores/worm/day) between 
112 and 143 days PE. The experiment ran for 191 days, at 
which time no WF replicates were releasing TAMs. When in-
dividual worms were monitored for TAM release at peak in-
fection, 90% were releasing TAMs; at least 2,151 TAMs per 
worm were detected in a 48-hr period. Infection was verified 
by QPCR in 85% of WF worms. 
All WF worms assayed at peak TAM release (n = 60) were 
lineage III. FTR worms assayed at the same time were made 
TABLE II. Tubifex tubifex collected from rainbow trout hatcheries in Alaska. 
Fall Spring 
Hatchery Total T. tubifex* Total T. tubifex* Worms 
settling pond worms * (%) worms* (%) assayedt 
Elmendorf 248 47 (19) 106 9 (9%) 10 
Ft. Richardson 1 § 1,048 140 (13) 1,535 138 (9) 187 
Ft. Richardson 211 116 14 (12) 98 5 (5) 10 
Total 1,412 201 (14) 1,739 152 (9) 207 
* Three subsamples of 30 ml each per sample processed. 
t Assayed by both T. tubifex species-specific and lineage peRs. Includes worms from exposure experiments. 
:j: Unk, unknown, sample amplified in T. tubifex species-specific peR, but not in lineage peR. 
§ Primary settling pond. 
II Secondary settling pond. 
Worms 
sequenced Lineage (%):j: 
0 I (30), VI (70) 
4 I (33), IV (65), Unk (2) 
0 I (50), VI (40), Unk (10) 
4 
• 
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TABLE III. Prevalence and level of Myxobolus cerebralis infection in different mitochondrial lineages of Tubifex tubifex used in laboratory exposure 
experiments. 
Maximum Lineages 
Lineage Lineage at end TAM release TAMs Infection infected (% 
pre-exposure of experiment period detected prevalence of lineage 
Group (%)* (%)* (days PE)t per wk (by QPCR) infected) 
First exposure 
Ft. Richardson hatcheryt 1(20%), 1(30%), nla§ 0 0 None 
IV (75%), IV (68%), 
Unknown (5%) Unk (2%) 
WIZard Falls (reference)t III (100%) III (100%) 9811 182 14,967 85% III (85%) 
Second exposure 
A 1(71%) 1(89%) 120-160 188 3% III (100%) 
III (21%) III (3%) 
IV (4%) IV (5%) 
VI (4) VI (2%) 
Unknown (1%) 
B III (10%) III (12%) 132-153 11 10% III (83%) 
VI (90%) VI (88%) 
C 1(84%) 1(80%) 108-160 280 0.6% III (14%) 
III (8%) III (4%) 
IV (3%) VI (14%) 
VI (5%) Unknown (2%) 
Ft. Richardson hatchery 1(30%) 1(65%) nla 0 0 None 
IV (68%) IV (35%) 
Unk (2%) 
Wizard Falls (reference) III (100%) III (100%) 100-160 >7,00011 100% III (100%) 
* Unknown: sample amplified in T. tubifex species-specific PCR. but not in lineage PCR. 
t Second experiment ended at 160 days PE; TAM release not monitored after this date. 
:j: Total of 3 replicates. 
§ nla = not applicable. 
II Calculations capped at 7,000 in second experiment; actual number of TAMs far higher. 
up of 68% lineage IV, 30% lineage I, and 2% unknown lineage. 
For the purposes of this study, a lineage is considered unknown 
when the specimen amplifies as T. tubifex in a species-specific 
PCR, but it does not amplify in a lineage PCR, or vice versa. 
This will be explained further in the Discussion. 
Worms were held after filtering ended at 191 days PE to 
assess postinfection survival and reproduction. At 280 days PE, 
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FIGURE 3. First experimental exposures-Susceptibility of lineage IV 
Tubifex tubifex to Myxobolus cerebralis: TAM release per 100-worm 
replicate (3 Alaskan replicates are pooled as 1). 
more adult Alaskan worms (38-50%) remained among repli-
cates, than did WF worms (7% in 1 lone replicate) (P = 
0.0002). The Alaska worms also had 42-131 additional juvenile 
worms, in contrast to the WF worms that had no progeny (Table 
IV). Lineage composition of juvenile Alaskan worms from the 
end of the experiment (progeny of original worms placed in 
experiment) was 74% lineage IV, 23% lineage I, and 3% un-
known lineage (Table III). 
Susceptibility of Alaskan T. tubifex lineages I, III, IV, and 
VI to M. cerebralis 
Table III and Figure 4 show TAM release from all groups in 
our second experimental exposures. TAMs were first detected 
in Alaskan worms at 108 days PE, with numbers peaking at 
only 188-280 TAMs per 7 days. In contrast, the reference WF 
group exhibited high prevalence of infection, with detection of 
TAMs by 100 days PE (day of first filter) and numbers peaking 
at >7,000 TAMs per 7 days. Once again, the FTR group did 
not become infected. Only Group C worms were individually 
separated into 24-well plates and monitored for TAM release, 
because this method is ineffective in detecting TAM release 
from groups with low infection prevalence. Thus, comparison 
of individual infected lineage III worms was not possible. 
Group A began releasing TAMs at 120 days PE. Of the 90 
total surviving worms at 160 days PE, 3 (3%) were lineage III. 
• 
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TABLE IV. Survival and reproduction of Tubifex tubifex after experimental exposure to Myxobolus cerebralis. 
First exposure Second exposure 
Ft. Wizard Control Ft. Wizard Control 
Richardson Falls (Ft. Richardson Richardson Falls (Wizard 
Group hatchery (reference) hatchery) A B C hatchery (reference) Falls) 
Exposed 300* 300* o (100 unexposed) 200 200 200 100 200 o (200 unexposed) 
Percentage of adult survivalt 42 1 29 45 69 72 100 8 49 
Progeny 205 0 131 28 41 50 98 19 57 
* In 3 replicates of 100. 
t Total worms remaining at end of experiment divided by tbe difference between worms exposed and worms removed for monitoring at peak infection. 
These were the only worms from Group A that were infected 
as determined by QPCR. 
In Group B, a single TAM was detected at 132 days PE and 
then another again at 153 days. Extrapolated to total volume of 
filtrate, this is the equivalent of 11 TAMs on day 132 and 9 
TAMs at 153 days. The number of TAMs detected per Alaskan 
group was not proportional to infection prevalence as deter-
mined by QPCR. Group B had the highest infection prevalence 
(10%) and the lowest peak number of TAMs detected per wk 
(11) (Table III), whereas Group C had the highest peak number 
of TAMs detected (280) and the lowest infection prevalence 
(0.5%). 
No TAMs were detected in worms from Group C that were 
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FIGURE 4. (a) Second experimental exposures. Comparative TAM 
release from Alaskan Tubifex tubifex. Number of TAMs noted as ab-
solute numbers 0-7,000; greater values noted as >7,000 TAMs and not 
as an absolute number. (b) Comparative TAM release from Alaskan T. 
tubifex Groups A, B, and C (enlargement of a). 
sampled at 120 days PE, and QPCR confirmed none of these 
worms was infected. Indeed, QPCR analysis at the end of the 
experiment confirmed that only 1 worm of the 158 surviving 
(0.6% of the group) was infected. The single infected worm 
was lineage III. The 6 other surviving lineage III in this group 
were not infected. 
Worm survival was similar to that of the first experimental 
exposure (Table IV). The WF reference group had poor adult 
survival of only 17.5%, with only 9.5% of the original popu-
lation replenished by juvenile worms. In contrast, the popula-
tion of the FTR group increased with an adult survival rate of 
100% and an additional 98% of the original population repro-
duced as juvenile worms. Groups A-C had adult survival rates 
similar or better than that of the unexposed WF control group. 
DISCUSSION 
No M. cerebralis in Alaska 
Myxobolus cerebralis has not been described from Alaska, 
although it is recognized as an economically and ecologically 
important pathogen of salmonid fishes elsewhere in North 
America. To assess the potential for the parasite to become 
established in that state, we investigated the distribution of the 
invertebrate host T. tubifex, which M. cerebralis requires to 
propagate. Before o].lr study, there was no record of the distri-
bution of T. tubifex in Alaskan freshwaters and no data on 
whether lineages present in the region were susceptible to M. 
cerebralis should the pathogen be inadvertently introduced. 
Tubifex tubifex survey 
Tubifex tubifex were identified in south-central Alaska but 
not from the locations sampled in southeastern Alaska. Areas 
sampled in southeastern Alaska were approximately 900 km 
from those sampled in south-central Alaska. The locations with 
highest abundance of T. tubifex were Centennial and Eagle 
Rock boat landings on the lower Kenai River, areas with high 
sedimentation and organic loading (primarily decaying salmon 
carcasses) and heavy recreational use. The second highest abun-
dance was at FTR hatchery settling pond. Excluding hatcheries, 
the area with the second highest T. tubifex abundance was near 
the inflow for Elmendorf fish hatchery on Ship Creek. 
Tubifex tubifex are commonly associated with fish hatcheries, 
likely due to the large amount of organic matter available and 
thus the provisions of both a seemingly endless food source and 
a habitat of accumulated sediment. In reference to the dense 
populations of worms frequently found where organic enrich-
• 
ment is high, the term sludge worms is often used to describe 
T. tubifex. Researchers have found the worms in hatchery set-
tling ponds but not in the surrounding stream sediments (Allen 
and Bergersen, 2002; Bartholomew et aI., 2007). Fish hatchery 
worms were tallied separately in this study (Table II), because 
settling ponds are independent from the main creek channel, 
and they are not representative of T. tubifex abundance in the 
wild. 
Our data support Brinkhursfs (1996) statement that, contrary 
to expectation, T. tubifex is not a common species. The taxon 
was present at only 10 of the 37 locations (27%) that we sam-
pled (outside of hatcheries) in Alaska. Where it was present, it 
was usually also abundant, making up at least half the total 
worms found at 5 of the 10 locations. 
Greater numbers of T. tubifex in the lower Kenai River could 
be due to the influence of Skilak Lake (9,945 ha, from approx-
imately river km 80.5-104.6) on both biological processes and 
the attenuation of glacial runoff. Lakes have been shown to 
dampen peak flows in rivers, sustain high flows in summer, 
supplement low flows in winter, increase river temperatures, 
and provide settling for suspended sediment (Oswood et aI., 
1995). Macroinvertebrate densities and diversity are greater be-
low Skilak Lake than above the lake, and higher in the Kenai 
River in general than in other glacial-fed rivers in the Cook 
Inlet basin (Dorava and Milner, 2000). Milner and Petts (1994) 
suggest this is because of increased temperature and channel 
stability due to lake regulation. The USGS's National Water 
Quality Assessment (NWQA) data show the lower Kenai River 
as 1 of the locations with the highest numbers of worms (spe-
cies not specified) in the Cook Inlet basin (Glass et aI., 2004). 
The area was 1 of only 2 locations in the basin where aquatic 
worms made up nearly one third of all macroinvertebrates sam-
pled. 
Although water temperatures affect M. cerebralis prolifera-
tion within T. tubifex (Hedrick and EI-Matbouli, 2002; Blazer 
et aI., 2003), they are not known to affect worm presence or 
absence. Tubifex tubifex is tolerant of variable temperature and 
oxygen regimes (Reynoldson, 1987; Brinkhurst, 1996), and 
populations have been found in environments extending from 
unproductive high-latitude lakes to eutrophic, nutrient-rich 
lakes (Milbrink, 1994). 
Additionally, the lower Kenai River may provide more suit-
able substrates for T. tubifex. The lower river is approximately 
43% silt/sand as opposed to the upper and middle sections of 
the river that are only 2% silt/sand and 32-41 % cobbles (12.7-
25.4 cm) (Bendock and Bingham, 1988). 
The discovery of non-M. cerebrali9 actinospores in our water 
filtrates confirms that other myxozoan life cycles have estab-
lished in Alaska. Some of the Alaskan myxozoans were found 
in the oligochaetes Ilyodrilus tempietoni and Limnodrilus hoff-
meisteri (S. Atkinson, pers. comm.), species commonly asso-
ciated with T. tubifex. Several of these specimens were col-
lected from southeastern Alaska. 
Although T. tubifex were not found in southeastern Alaska, 
it is difficult to determine whether the absence is true or simply 
due to a lack of detection or small sample size. Because our 
methods of detection have proven effective in other parts of 
Alaska (south-central) as well as in other studies (Arsan, 2006; 
Bartholomew et aI., 2007), we think this study accurately rep-
resents the relative abundance of T. tubifex in the areas sam-
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pled. It is possible that more extensive surveys may detect T. 
tubifex in southeastern Alaska. This study did not sample gla-
cial rivers from this region, because they did not meet our sam-
pling criteria of being at highest risk for M. cerebralis intro-
duction, i.e., supporting populations of rainbow or steelhead 
trout and being close to a road system. Glacial rivers in south-
eastern Alaska are generally longer than nonglacial streams, 
because they follow a path that has gouged through mountains 
by a receding glacier. In contrast, nonglacial streams in this area 
of the state are typically short, low order, and steep, a reflection 
of the topography of the Alaskan Coast Range that rises sharply 
from the Pacific Ocean. This may limit appropriate habitat for 
T. tubifex. However, the large numbers of other oligochaetes 
found in southeastern Alaska show that there is habitat to sup-
port some species of this class of annelids commonly associated 
with T. tubifex. Additionally, the more pristine character of 
some southeastern Alaskan streams may allow proliferation of 
oligochaete species that could outcompete T. tubifex. 
Three of the 4 North American T. tubifex lineages were found 
in Alaska (I, III, and VI). These lineages are documented from 
other states such as Colorado, Montana, and Utah (Beauchamp 
et aI., 2002), as well as New Mexico (Dubey and Caldwell, 
2004), Pennsylvania (Kaeser et aI., 2006), and Oregon (Hallett 
et aI., 2007). In addition, we discovered a fifth mt lineage, lin-
eage IV, which has previously been documented only in Europe 
(Sturmbauer et aI., 1999). 
While determining presence and lineages of T. tubifex, we 
encountered some discrepancies in our genetic analyses. Sev-
eral worms did not amplify in the lineage PCR, but they were 
confirmed as T. tubifex in the species-specific PCR. The mt 16S 
rDNA of these worms was sequenced to investigate the possi-
bility of the presence of a lineage not targeted by the original 
lineage assay. The worms were verified as lineage I, because 
they were identical to a lineage I worm in GenBank (from Eu-
rope; Sturmbauer et aI., 1999), but they had a single base dif-
ference in the lineage I primer annealing location. Two of the 
3 lineage I worms in GenBank also had this base difference 
(GenBank AJ225904, AJ225906); the third worm (AJ225903) 
did not. Thus, if only a lineage PCR is performed in lieu of a 
species-specific PCR, false negatives could be reported. 
Another problem encountered in the T. tubifex molecular as-
says was inhibition in samples taken directly from the field. 
Inhibition was eliminated by dilution of extracted DNA to 1: 
101. Although the exact source of inhibition is unknown, humic 
substances have been known to cause inhibition in PCR by 
forming complexes with metal ions (De Boer et aI., 1995). Pe-
terson Creek in southeastern Alaska has dark, humic-stained 
water and a high level of dissolved organic carbon (Chaloner 
et aI., 2004). We observed similar dark-colored water at other 
sampling locations with nonglacial sources in both southeastern 
and south-central Alaska. Samples held in the laboratory III 
clean sediment and water did not inhibit the PCR assays. 
Susceptibility of Alaskan T. tubifex to M. cerebralis 
Of the 4 mt lineages (I, III, IV, and VI) of T. tubifex that 
were exposed to M. cerebralis myxospores, only lineage III 
worms became infected and released actinospores. Even when 
making up a low proportion of the population (Table III), the 
lineage became infected (12.5-42% of all lineage III worms 
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were infected), and, in 2 of the 3 Alaskan groups, released a 
steady if meager supply of TAMs. This lineage has been con-
sistently susceptible to M. cerebralis; all exposed populations 
from North America propagate the parasite, including Califor-
nia and Colorado (Beauchamp et aI., 2002, 2006), Montana 
(Kerans et aI., 2004), New Mexico (DuBey et aI., 2005), and 
Oregon (Hallett et aI., 2007). 
We found the numbers of TAMs produced in Alaskan lineage 
III T. tubifex to differ from populations of lineage III from other 
geographical locations. Metolius River lineage III (WF refer-
ence group for this study) produced nearly 15,000 TAMs in a 
7-day period (176 TAMs/infected worm) (Fig. 3). In contrast, 
TAM production in Alaskan lineage III T. tubifex from Groups 
A and B peaked at a meager 188 TAMs (0.8-63 TAMs/infected 
worm) (Fig. 4). Group C from Alaska had only one infected 
worm and the highest TAM release/infected worm of any group 
(280 TAMs/infected worm), including the WF reference group. 
Because there was only one infected worm from this group, it 
is not possible to determine whether this release is normal and 
representative of the population. There is also insufficient data 
for comparison between groups. 
Given the low abundance of T. tubifex, the low proportions 
of lineage III within these populations, and the small number 
of TAMs released from these populations, salmonids in Alaskan 
streams would likely experience a very low exposure to M. 
cerebralis (if the parasite was introduced). 
Our study is the first to examine the susceptibility of lineage 
IV to M. cerebralis. We found the lineage not to be susceptible 
to the parasite when exposed to 500 myxospores per worm. 
This dosage and exposure seems to be appropriate to cause 
infection, because our reference control group (WF) became 
heavily infected and released TAMs. Water temperatures during 
the experiment were similar to those tubifex populations would 
encounter during an Alaskan summer. However, temperatures 
would be lower in the spring and fall, causing delayed parasite 
propagation and prolonged TAM release (EI-Matbouli et aI., 
1999; Blazer et aI., 2003). 
Worm populations collected from Alaska and used in our 
experiments were a mixture of lineage IV (65%) and lineage I 
(31 %). Lineage I T. tubifex have been shown elsewhere to.be 
susceptible to the parasite in mixed lineage popUlations, al-
though virulence can vary among different geographical strains 
of T. tub(fex (Beauchamp et aI., 2002; Kerans et aI., 2004). 
Myxospores are typically ingested as worms burrow through 
sediment to consume particles and bacteria (Brinkhurst, 1996). 
Kerans and Lemmon (in Kerans and Zale, 2002) found that the 
negative effects of myxospores on the, biomass of T. tubifex 
were reduced if the species was grown in culture with L. hoff-
meisteri, presumably because myxospores were consumed by 
L. hoffineisteri and they were thus unavailable to T. tubifex. 
Other studies have shown a 70% reduction in parasite produc-
tion in mixed (susceptible and resistant) cultures of T. tubifex 
compared with pure cultures of susceptible worms (Beauchamp 
et aI., 2006). It is possible that because lineage IV worms were 
not susceptible and were also dominant in the population used 
in the first experimental exposures, that they ingested spores, 
inactivating or making them unavailable to lineage I worms. 
However, 30% lineage I seem to be a sufficient presence in a 
population to become infected if susceptible; populations of ap-
proximately the same proportion of susceptible to resistant T. 
tubifex have been used in similar parasite exposure studies 
(Beauchamp et aI., 2006) and became infected with M. cere-
bralis. Similarly, in the second exposures, Group A and C were 
80.:..89% lineage I, yet only lineage III worms became infected 
(Table III). 
Other studies have shown that even resistant worms have 
adverse effects from the parasite, such as impaired reproduc-
tion, even though spores were not released (Steinbach Elwell 
et aI., 2006). Our data show the control unexposed FTR worms 
had 29-69% higher reproductive success than their exposed 
counterparts. Thus, it seems that both lineage IV and lineage I 
T. tubifex experience some adverse effects from parasite ex-
posure, although infection and TAM release were never de-
tected. However, considering the relatively large proportion of 
Alaskan worms alive at 280 days PE (compared with the ref-
erence group), it is clear that adult survival and reproduction 
in the Alaskan lineages exposed to the parasite is much greater 
than that of the susceptible WF worms. The 4 lone worms that 
remained in the WF group after the same amount of time is an 
indication of poor adult survival and reproductive success in 
infected lineage III worms. The change in lineage composition 
was compared only for the first experiments in which lineages 
were determined immediately before parasite exposure. None 
of these worms became infected, and the composition remained 
about the same, including the proportions of progeny produced. 
In the second experiments, composition had been determined 5 
mo before the parasite exposure, and there were no controls for 
comparison. Thus, any differences may be caused by laboratory 
conditions rather than the presence of the parasite. 
CONCLUSIONS 
Positive implications of the resistance of lineages I, IV, and 
VI T. tubifex from Alaska toward the potential for establishment 
of M, cerebralis could be significant in areas where the lineages 
dominate Tubifex populations. Other researchers have found 
lineage susceptibility to correspond to severity of infection in 
fish (Beauchamp et aI., 2006; B. Nehring, pers. comm.). This 
suggests that when resistant lineages are in high abundance, the 
effects of M. cerebralis may be diminished. Lineage III repre-
sents the highest risk to Alaskan salmonids. However, given the 
low abundance of lineage lIlT. tubifex found in Alaska and the 
low level of parasite production from Alaska T. tubifex popu-
lations, negative impacts on Alaskan salmonids are likely to be 
reduced if the parasite were introduced. 
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EXPRESSED SEQUENCE TAG ANALYSIS OF GENE REPRESENTATION IN INSECT 
PARASITIC NEMATODE HETERORHABDITIS B!tCTERIOPHORA 
Xiaodong Bai, Parwinder S. Grewal*, Saskia A. Hogenhout, Byron J. Adamst, Todd A. Ciche=l=, Randy Gaugler§, and 
Paul W. Sternberg II 
Department of Entomology, The Ohio State University-OAR De, Wooster, Ohio 44691. e-mail: grewal.4@osu.edu 
ABSTRACT: We compared Heterorhabditis bacteriophora GPSll expressed sequence tags (ESTs) to the ESTs of animal-parasitic, 
human-parasitic, plant-parasitic, and free-living nematodes. We identified 127 previously nondescribed ESTs of which 119 had 
homologs in ESTs and 8 had homologs in proteins of free-living nematodes. These ESTs were assigned putative functions in 
transcription, signal transduction, cell cycle control, metabolism, information processing, and cellular processes, thereby providing 
better insight into H. bacteriophora metabolism, sex determination, and signal transduction. We also identified 36 H. bacterio-
phora ESTs that had significant similarities to ESTs of parasitic nematodes, but not to ESTs or proteins of free-living nematodes 
species. Among these are the ESTs encoding a centrin, an ankyrin-repeat containing protein, and a nuclear hormone receptor. 
Our analysis also revealed that parasitic nematode-specific ESTs in this H. bacteriophora data set had more homologs in animal-
parasitic nematodes than those parasitizing humans or plants. 
Insect parasitic (or entomopathogenic) nematodes, belonging 
to Heterorhabditidae and Steinemematidae, form unique models 
for the study of parasitism, pathogenicity, and symbiosis in gen-
eral. These nematodes and their obligate bacterial symbionts 
form a highly species-specific and mutually beneficial relation-
ship, i.e., heterorhabditids associating with Photorhabdus and 
steinemematids with Xenorhabdus, respectively (Boemare, 
2002). Although the relationship is obligate, in the laboratory 
both partners can be cultured separately; the species-specific 
symbiotic relationship can be restored when combined, making 
genetic manipulation possible. 
Insect parasitic nematodes and their symbiotic bacteria to-
gether are important biological control agents of insect pests 
(Grewal et aI., 2005b). The infective juvenile (U) or dauer ju- . 
venile (DJ) is the only stage that can infect insect hosts. The . 
Us persist in soil in search of a suitable insect host and invade 
through natural body openings or the cuticle (Griffin et aI., 
2005). Upon reaching the hemocoel, the Us release symbiotic 
bacteria, which multiply rapidly, killing the host via septicemia, 
usually within 24-48 hr (Dowds and Peters, 2002). The nem-
atodes then feed on the symbiotic bacteria and complete 1 to 3 
generations within the cadaver. When the food source depletes, 
Us are formed, which exit the cadaver to search for new insect 
hosts (Poinar, 1990). 
The potential of insect parasitic nematodes as biological control 
agents can be further improved with respect to IT longevity, bac-
terial retention, tolerance to heat, ultraviolet radiation and desic-
cation, resistance to encapsulation in the hemocoel of some key 
insect pests, and trait stability (Grewal et al., 2005a). These im-
provements are now becoming feasible partly due to the deter-
mination of the complete genome sequences of 2 closely related 
nematodes, i.e., Caenorhabditis elegans (The C. elegans Sequenc-
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ing Consortium, 1998) and C. briggsae (Stein et al., 2003), and 
of the bacterial symbiont of Heterorhabditis bacteriophora (Pho-
torhabdus luminescens subsp. laumondii TI01) (Duchaud et al., 
2003). Furthermore, the increase in the availability of information 
on the expressed sequence tags (ESTs) of many nematode species 
together with the initiation of H. bacteriophora complete genome 
sequence project (supported by the National Human Genome Re-
search Institute and the United States Department of Agriculture 
[hUp:llgenome. wustl.edu/genome.cgi ?GENOME = 
Heterorhabditis%20bacteriophora]), enhances possibilities for both 
comparative and functional genomics. 
To pursue genomics in insect parasitic nematodes, we carried 
out a pilot-scale EST sequencing project for H. bacteriophora 
Us. Useful information was revealed when the EST sequences 
were searched against WormBase and SwissProt (Sandhu et aI., 
2006). Here, we report the findings of a more comprehensive 
comparative analysis of these ESTs with ESTs of other nema-
todes. 
MATERIALS AND METHODS 
EST sequences 
Heterorhabditis bacteriophora GPS11 ESTs in this study were from 
previously described EST data set (Sandhu et al., 2006). Heterorhab-
ditis bacteriophora GPS 11 EST sequences were further processed by 
removing the SMART primer sequences. EST sequences were deleted 
if their lengths were shorter than 50 nucleotides after removal of 
SMART primer sequences. The ESTs were clustered by removing re-
dundant sequences and grouping partially aligned sequences, resulting 
in 988 unique H. bacteriophora GPS 11 ESTs. ESTs of other nematodes 
were obtained from the GenBank Entrez nucleotide database by key-
word searching. The nematode species whose ESTs were included in 
this study are summarized in Table I. They included 21 nonprimate 
animal-parasitic nematode (APN) species, 8 human-parasitic nematode 
(HPN) species, 18 plant-parasitic nematode (PPN) species, and 7 free-
living nematode (FLN) species. These nematodes were classified into 
clades following Dorris et aL (1999). At the time the present report was 
written, the EST sequences totaled 747,259 in the nematodes described 
above. 
Computational analysis 
All computational analyses were performed in a Linux workstation. 
The ESTs from APNs, HPNs, PPNs, and FLNs were combined together 
to form a database. The geninfo identifier (GI) numbers of the EST 
sequences for nematodes belonging to each of the 4 categories were 
separately collected into individual files. To identify the homologs of 
H. bacteriophora ESTs in ESTs of all nematodes in the 4 categories, 
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TABLE I. Summary of GenBank ESTs included in this study. 
Species Clade* No. of ESTs 
APNs 
Ancylostoma caninum V 9,618 
Ancylostoma ceylanicum V 10,651 
Angiostrongylus cantonensis V 1,279 
Ascaris suum III 40,704 
Brugia pahangi III 28 
Dictyocaulus viviparus V 2 
Dirofilaria immitis III 4,005 
Haemonchus contortus V 21,967 
Litomosoides sigmodontis III 2,699 
Nippostrongylus brasiliensis V 3,781 
Oesophagostomum dentatum V 299 
Ostertagia ostertagi V 7,006 
Parastrongyloides trichosuri IVa 7,963 
Parelaphostrongylus tenuis V 99 
Strongyloides ratti IVa 14,761 
Teladorsagia circumcincta V 4,313 
Toxocara canis III 4,889 
Trichinella spiralis 10,767 
Trichostrongylus vitrinus V 368 
Trichuris muris 2,714 
Trichuris vulpis 3,063 
HPNs 
Ascaris lumbricoides III 1,822 
Brugia malayi III 26,215 
Loa loa III 27 
Necator americanus V 5,032 
Onchocerca ochengi III 60 
Onchocerca volvulus III 14,974 
Strongyloides stercoralis IVa 11,392 
Wuchereria bancrofti III 4,847 
PPNs 
Bursaphelenchus mucronatus IVb 3,193 
Bursaphelenchus xylophilus IVb 13,327 
Globodera mexicana IVb 17 
Globodera pallida IVb 4,378 
Globodera rostochiensis IVb 11,851 
Heterodera avenae IYb 1 
Heterodera glycines IVb 24,438 
Heterodera schachtii IVb 2,818 
Meloidogyne arenaria IVb 5,018 
Meloidogyne chitwoodi IVb 12,218 
Meloidogyne hapla IVb 24,452 
Meloidogyne incognita IYb 19,935 
Meloidogyne javanica IVb 7,587 
Meloidogyne paranaensis IVb 3,710 
Pratylenchus penetrans DI>b 1,928 
Pratylenchus vulnus IVb 2,485 
Radopholus similis IVb 1,154 
Xiphinema index 9,351 
FLNs 
Caenorhabditis briggsae V 2,424 
Caenorhabditis elegans V 346,064 
Caenorhabditis japonica V 218 
Caenorhabditis remanei V 20,292 
Panagrolaimus davidi IVa 1 
Pristionchus pacificus V 14,663 
Zeldia punctata IVb 391 
Total 747,259 
* Clade classification adopted from Dorris et aI. (1999). 
FLNs 
FIGURE 1. Venn diagram depicting the distribution of the number of 
Heterorhabditis bacteriophora GPS11 ESTs common in FLNs (A) and 
parasitic nematode-specific ESTs (B) that shared similarity to ESTs of 
FLNs, APNs, HPNs, and PPNs. 
we searched the EST database using tBLASTx algorithm (Altschul et 
al., 1997) and the -I option to restrict the search to list of GIs for 
nematodes in each category. Doing so made the E (expectation) values 
in the results comparable for individual searches, as the parameters for 
E value calculation are the same. The BLAST search results were parsed 
by using in-house written scripts based on bioperl (Stajich et aI., 2002), 
and they were further analyzed manually to identify the matches to C. 
elegans genes in WormBase (Schwarz et aI., 2006). To identify H. bac-
teriophora ESTs, the sequences were searched against the GenBank 
nonredundant (nr) database using BLASTx and BLASTn algorithms. 
The matches in BLAST searches with E values lower than 10-4 were 
considered significant. The ESTs were searched against 5'-untranslated 
region (UTR) and 3'-UTR databases derived from the nr UTR sequenc-
es obtained from UTResource (http://www.ba.itb.cnr.itlUTRJ 
UTRHome.htrnl; Pesole and Liuni, 1999) using BLASTn algorithm. 
RESULTS 
The H. bacteriophora ESTs searched against the EST se-
quences from APNs, HPNs, PPNs, and FLNs using tBLASTx 
algorithms are summarized in Table II. Among the 988 H. bac-
teriophora ESTs, 569 (57.6%) had no significant similarities to 
other nematode ESTs, whereas 365 (36.9%) had significant sim-
ilarities to ESTs of FLNs and 54 (5.5%) to ESTs of only par-
asitic nematodes. The search against UTR databases revealed 
that 7 ESTs had significant matches, and the rest had no sig-
nificant matches to known UTRs. 
Among the 365 H. bacteriophora ESTs having significant 
similarities to ESTs of FLNs, 55 had significant similarities to 
ESTs of only FLNs, and the other 310 had significant similar-
ities to ESTs of both free-living and parasitic nematodes. Fur-
ther categorization of H. bacteriophora ESTs based on homol-
ogies to APNs, HPNs, or PPNs (Fig. IA) showed that the num-
bers of H. bacteriophora ESTs similar to ESTs of APNs and 
PPNs are about equal, and both slightly outnumber those sim-
ilar to ESTs of HPNs. 
Current analysis identified 119 additional H. bacteriophora 
ESTs having significant similarities to ESTs from FLNs (Table 
III). Among these, 28 had significant similarities to ESTs of 
only FLNs, whereas 91 had significant similarities to ESTs of 
both free-living and parasitic nematodes. Based on the results 
from the BLASTx search against the GenBank protein nr da-
tabase, 48 of these 119 ESTs were assigned tentative functions 
(Table III; Supplementary Table I available at [http:// 
www2.oardc.ohio-state.edulnematodes/genomics/publications/ 
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TABLE II. Summary of sequence similarity search results of Heterorhabditis bacteriophora GPS I I ESTs. 
Category 
ESTs not similar to any nematode ESTs 
ESTs similar to ESTs of FLNs 
ESTs similar to ESTs of FLNs 
ESTs similar to ESTs of both FLNs and parasitic nematodes 
ESTs not similar to ESTs of FLNs 
ESTs not similar to ESTs of FLNs but similar to proteins of FLNs 
No. of ESTs 
(% of total) 
569 (57.6) 
365 (36.9) 
54 (5.5) 
ESTs similar to ESTs of parasitic nematodes but not to ESTs or proteins of FLNs 
Total 
310(31.4) 
55 (5.6) 
15 (1.5) 
39 (3.9) 
988 
JParasito107.html]), including metabolism, information storage 
and processing, cellular processes and signaling, and general 
function prediction. The remaining 71 ESTs were not assigned 
specific functions but further categorized as (1) matching to 
uncharacterized, unnamed, or hypothetical proteins from C. ele-
gans (46 ESTs); (2) matching to proteins from non-nematode 
organisms (12 ESTs); (3) vector contamination (I EST); and 
(4) without significant BLASTx matches (12 ESTs) (Table III). 
Among the 54 H. bacteriophora ESTs having no significant 
similarities to any ESTs of FLNs, the deduced protein sequenc-
es of 15 ESTs had significant similarities to proteins from C. 
elegans or C. briggsae. Among these 15 ESTs, 7 have been 
described previously (Sandhu et aI., 2006), including Hb-
GPSll.10AI0, HbGPSI1.10B02, HbGPSl1.l4B05, Hb-
GPSll.14FI2, HbGPSI1.l4Ll6, HbGPSI1.6LOI, and Hb-
GPS 11.6P07. The other 8 are summarized in Supplementary 
Table I available at (http://www2.oardc.ohio-state.edu/nema-
todes/genomics/publications/JParasito107 .html), together with 
ESTs having greatest similarities to ESTs from FLNs. The re-
maining 39 H. bacteriophora ESTs had no significant similar-
ities to either ESTs or proteins from FLNs, while having sig-
nificant similarities to ESTs in at least I category of parasitic 
nematodes derived mostly from infective stages, such as third 
stage (L3) larvae of APN Ancylostoma caninum and microfi-
laria of HPN Brugia malayi (Table IV). 
Among these 39 ESTs, HbGPSl1.60l6, HbGPSlI.6G19, 
and HbGPS 11.6Ml3 seemed to be of bacterial origin. The re-
maining 36 H. bacteriophora ESTs had significant similarity to 
ESTs of only parasitic nematodes, but not to those of the FLNs, 
therefore, designated as parasitic-nematode specific ESTs (Table 
IV). Six of these ESTs had significant similarities to proteins in 
GenBank nr databases. Among the 36 parasitic-nematode-spe-
cific ESTs, 18 (50%) had similarities only to ESTs of APNs, 9 
(25%) had similarities only to PPNs, and 3 (8.3%) had simi-
TABLE III. Summary of novel Heterorhabditis bacteriophora GPSII ESTs. 
Category 
1. Metabolism 
1.1 Energy production and conversion 
1.2 Secondary metabolites biosynthesis, transport, and catabolism 
1.3 Amino acid transport and metabolism 
1.4 Nucleotide transport and metabolism 
1.5 Carbohydrate transport and metabolism 
1.6 Inorganic ion transport and metabo)ism 
2. Information storage and processing 
2.1 Transcription 
2.2 Translation, ribosomal structure, and biogenesis 
2.3 RNA processing and modification 
3. Cellular processes and signaling 
3.1 Posttranslational modification, protein turnover, chaperons 
3.2 Signal transduction mechanisms 
3.3 Cell cycle control, cell division, chromosome partitioning 
4. General function prediction 
5. No function assignment 
5.1 Matching to uncharacterized, unnamed or hypothetical proteins from C. elegans 
5.2 Matching to proteins from non-nematode organisms 
5.3 Vector contamination 
5.4 Without significant BLASTx matches 
No. of novel H. bacteriophora GPS II ESTs 
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TABLE IV. Heterorhabditis bacteriophora GPSll ESTs that only matched to ESTs of parasitic nematodes. 
Top tBLASTx match against ESTs of APNs Top tBLASTx match against ESTs of HPNs 
ESTs Ace. no. Organism* Stage E value Ace. no. Organism* Stage E value 
H. bacteriophora ESTs potentially involved in parasitism 
HbGPS1l.6B13 
HbGPS1l.6C10 CB015842 Ha. contortus Adult 4.00E-18 
HbGPS1l.6C13 CA957026 Ha. contortus 2.00E-05 
HbGPS1l.6D11 BQ693696 Ta. spiralis Adult 5.00E-06 
HbGPS1l.6D13 CB037049 Te. circumcincta Adult l.00E-13 
HbGPS1l.6EOl AW627116 An. caninum L3 l.00E-07 
HbGPS 11.6E23 BQ482254 D. immitis Adult l.00E-06 
HbGPS 11.6H04 BU088675 Ne. americanus L3 4.00E-1O 
HbGPS 11.6H05 BF228414 As. suum Adult l.00E-05 
HbGPS 11.6H09 AW181703 An. caninum L3 6.00E-08 BU087062 Ne. americanus L3 4.00E-08 
HbGPS 11.6103 
HbGPS 11.6121 BM279529 Ni. brasiliensis Adult 5.00E-21 AW191554 Br. malayi Microfilaria 4.00E-ll 
HbGPS11.6J06 CA957511 Ha. contortus 8.00E-09 
HbGPS 11.6K11 
HbGPS 11.6L04 BF423206 Ha. contortus Adult 2.00E-1O BU089164 Ne. americanus L3 2.00E-06 
HbGPS 1l.6Lll DN190749 Ag. cantonensis 4.00E-06 
HbGPS 1l.6Ll7 BF250079 An. caninum L3 l.00E-07 
HbGPS 11.6L23 BF250165 An. caninum L3 l.OOE-ll 
HbGPS 11.6M09 CB036921 Te. circumcincta Adult 6.00E-05 
HbGPS11.10B20 BE580982 S. stercoralis 4.00E-27 
HbGPS 11.1 OE05 
HbGPS1l.10E09 
HbGPS11.10G04 
HbGPS11.10L03 BQ667089 An. caninum L3 7.00E-06 
HbGPS1l.10N13 B1744312 An. caninum L3 4.00E-13 
HbGPS 1l.10N17 BM138832 Ha. contortus Adult l.00E-07 
HbGPS 11.14C02 BU666114 Ne. americanus L3 2.00E-12 
HbGPS11.14D15 
HbGPS1l.14G12 BU087348 Ne. americanus L3 7.00E-06 
HbGPSl1.14H18 
HbGPSl1.14L05 CB190383 An. ceylanicum Adult 3.00E-05 
HbGPS11.14Ll7 CB099921 Ha. contortus 2.00E-07 
HbGPS 11.l4N09 BF250079 An. caninum L3 7.00E-14 
HbGPS 11.14008 BF250513 An. caninum L3 9.00E-07 
HbGPS11.14012 B1397360 S. ratti Ll 7.00E-07 
HbGPSl1.l4P05 B1743949 P. trichosuri 2.00E-05 BG224956 S. stercoralis 2.00E-05 
HbGPS11.14P20 
H. bacteriophora ESTs of bacterial origin 
HbGPS11.6G19 
HbGPS11.6M13 BM130215 An. caninum L3 3.00E-05 BE202334 On. volvulus Microfilaria 7.00E-05 
HbGPS11.6016 BI781487 As. suum 1.00E-06 BE581808 S. stercoralis l.00E-05 
* The genus names of the organisms were abbl'e",iated as follows: Ag., Angiostrongylus; An., Ancylostoma; As., Ascaris; Br., Brugia; Bu, Bursaphelenchus; D., 
Dirofilaria immitis; G., Globodera; Ha., Haemonchus; He., Heterodera; M., Meloidogyne; Ne., Necator; Ni., Nippostrongylus; On., Onchocerca; Os., Ostertagia; 
P., Parastrongyloides; S., Strongyloides; Ta., Trichinella; Te., Teladorsagia; Tr., Trichuris; x., Xiphinema. 
larities only to human-parasitic nematodes. The rest had simi-
larities to ESTs from nematodes belonging to at least 2 cate-
gories (Fig. 1B). 
DISCUSSION 
Previously, we reported H. bacteriophora 283 EST sequenc-
es having significant similarities to C. elegans proteins in 
WormBase (Sandhu et al., 2006). Present analysis yielded an-
other 119 H. bacteriophora ESTs having significant similarities 
to ESTs from FLNs, including those encoding 4 transcription 
factors (HbGPS11.6A21, HbGPS11.10H22, HbGPS11.2L15, 
and HbGPS11.6E22), an F-box-containing protein (Hb-
GPS11.14P23), a homology of human a subunit of sarcog1ycan 
complex (HbGPSll.lOIl5), and other proteins. 
HbGPS11.6A21 had high similarity (E value = 4e-34) to C. 
elegans doublesex-family transcription factor Y67D8A.3 relat-
ed to Drosophila doublesex and C. elegans mab-3. Similar 
doublesex- or mab-3-related transcription factors have been 
identified in invertebrates such as the fruit fly Drosophila me-
lanogaster (Burtis and Baker, 1989) and the Queensland fruit 
TABLE IV. Extended. 
Top tBLASTx match against ESTs of PPNs 
Acc. no. Organism* Stage E value Acc. no. 
CV509972 X. index 8.00E-ll 
XP_741933 
CV509439 X. index 4.00E-09 CAF89842 
CV511724 X. index 4.00E-07 XP_795809 
BE578503 M. javanica l.OOE-07 CAJ82965 
BM415851 G. pallida Mixed 8.00E-05 
EE270325 G. rostochiensis l.OOE-07 
EAAI2444 
BM415650 G. pallida Mixed 7.00E-05 
CB825560 He. glycines J3 3.00E-24 
CV511276 X. index l.OOE-05 
CF358052 M. arenaria J2 7.00E-08 
BI863274 M. javanica l.OOE-13 
CAG01948 
CB379493 He. glycines 3.00E-08 
CK349410 He. glycines 3.00E-05 
CAE12886 
.. ' 
fly Bactrocera tryoni (Shearman and Frommer, 1998), and in 
vertebrates such as humans (Raymond, Parker et al., 1999), 
chickens (Raymond, Kettlewell et aI., 1999), and mice (Kim et 
al., 2003). These transcription factors are required for the con-
trol of somatic sexual differentiation in invertebrates and for 
testis development in vertebrates. However, the role of this gene 
in the sex determination of nematodes has not been investigat-
ed. Nonetheless, the presence of the homologs of this gene in 
H. bacteriophora, APNs, HPNs, PPNs, and FLNs implied the 
importance of this transcription factor for nematodes. 
We have identified 3 ESTs of bacterial origin, which may be 
the result of contamination from symbiotic or other bacteria. 
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Top BLASTx match against GenBank nr database 
Description E value 
No matches found 
No matches found 
No matches found 
Centrin (Plasmodium chabaudi chabaudi) 7.00E-08 
No matches found 
No matches found 
No matches found 
Unnamed protein product (Tetraodon nigroviridis) 6.00E-05 
No matches found 
No matches found 
PREDICTED: similar to synaptobrevinlike 1, partial 7.00E-1O 
(Strongylocentrotus purpuratus) 
Calcyc1in binding protein (Xenopus tropicalis) l.OOE-12 
No matches found 
No matches found 
No matches found 
No matches found 
No matches found 
No matches found 
No matches found 
ENSANGP00000006608 (Anopheles gambiae str. PEST) 2.00E-ll 
No matches found 
No matches found 
No matches found 
No matches found 
No matches found 
No matches found 
No matches found 
No matches found 
No matches found 
No matches found 
No matches found 
No matches found 
No matches found 
No matches found 
Unnamed protein product (Tetraodon nigroviridis) l.OOE-ll 
No matches found 
No matches found 
No matches found 
No matches found 
Isoleucine tRNA synthetase (Photorhabdus luminescens 4.00E-84 
subsp. laumondii TI01) 
HbGPS11.6016 encoded an isoleucine tRNA synthetase. 
HbGPS 11.6G 19 matched a region in the linear chromosome of 
soil bacterium Agrobacterium tumefaciens (GenBank 
AE009348). HbGPS11.6MI3 had similarity to the 16S ribo-
somal RNA gene from an uncultured soil bacterium (GenBank 
DQ378206). These genes may be the result of contamination 
from symbiotic or other bacteria, although oligo( dT) primers 
have been used in the cDNA library construction (Sandhu et 
aI., 2006). However, we cannot rule out the possibility that at 
least some of these genes were acquired by the nematodes 
through horizontal gene transfer (HGT) from bacteria, because 
all 3 genes had similarities to independently obtained ESTs 
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from other 5 nematode species. Among these 5, Onchocerca 
volvulus harbors symbiotic Wolbachia (Pearlman and Gillette-
Ferguson, 2007), whereas the other 4 species have no known 
symbiotic bacteria. However, these 4 species may encounter 
bacteria in the soil. In addition, HPN Strongyloides stercoralis 
and APN s Ancylostoma caninum and Ascaris suum may en-
counter bacteria in their invertebrate intermediate hosts. Al-
though no HGT is known for APNs or HPNs, it has been sug-
gested that PPN s have acquired bacterial genes such as those 
encoding cell wall-degrading enzymes via HGT (Scholl et aI., 
2003; Jones et al., 2005). 
We have identified 36 H. bacteriophora ESTs having simi-
larity to ESTs of only parasitic nematodes, but not to those of 
the FLNs, suggesting that they are involved in parasitic nema-
tode-specific functions, e.g., parasitism. Four were assigned pu-
tative functions based on sequence similarity to proteins iden-
tified in other organisms. For example, HbGPS 11.6D 11 was 
similar to centrin protein from Plasmodium chabaudi chabaudi 
(Hall et aI., 2005). Centrin is found in many eukaryotes, and it 
is known as a versatile molecule that has been adapted to per-
form diverse cellular functions, including signal transduction 
mechanisms (Hall et aI., 2005), cell division (Zamora and Mar-
shall, 2005), and nuclear mRNA export (Fischer et al., 2004). 
HbGPS 11.1OB20 had significant similarity (2e-11) to a protein 
from malaria-transmitting mosquito Anopheles gambiae 
(GenBank EAA12444). This protein contained a domain of an-
kyrin (ANK) repeats that mediate protein-protein interactions 
across diverse protein families. HbGPS11.14012 had signifi-
cant similarity (le-11) to an unnamed protein product (Gen-
Bank CAG01948) from the green spotted pufferfish, Tetraodon 
nigroviridis, which contained domains of a c4 zinc finger in 
nuclear hormone receptor and a ligand binding domain of hor-
mone receptors. 
Because APNs, HPNs, and PPNs differ in the mechanics of 
parasitism, we analyzed H. bacteriophora ESTs potentially in-
volved in parasitism in the context of phylogeny. Based on 
established phylogenetic relationships (Blaxter et al., 1998; 
Dorris et al., 1999), H. bacteriophora, as a member of clade V, 
is closely related to a group of APN s in clade V. However, H. 
bacteriophora is distantly related to APNs and HPNs in clade 
III. This observation that H. bacteriophora shared more similar 
genes with several APNs is consistent with the phylogenetic 
relationship of H. bacteriophora and these APNs. It should be 
noted that the decrease in genes shared with HPN s could be the 
result of underrepresented HPN data set (64,369 ESTs com-
pared with 150,976 for APNs and 147,861 for PPNs). Although 
insect parasitic H. bacteriophora is di&tantly related to PPNs in 
clade IVb, both have stages in their life cycles dwelling in the 
soil, making it possible that they may share certain genetic el-
ements. However, it should be noted that the EST distribution 
among the nematodes may change when additional EST data 
become available. 
Although parasitism has independently evolved numerous 
times, resulting in substantial biological diversity within each 
group of parasitic nematodes (Jasmer et aI., 2003), the insect 
parasitic H. bacteriophora, like APNs, HPNs, and PPNs, needs 
to overcome common obstacles in establishing itself as a suc-
cessful parasite. The detailed comparison of parasitism among 
these parasitic nematodes will shed light on the parasitic mech-
anisms of H. bacteriophora. APNs and HPNs generally achieve 
infection via oral route, skin penetration, or injection by inter-
mediate hosts during feeding (Jasmer et aI., 2003), whereas 
most PPNs directly invade specific parts of plants, including 
roots, stems, or leaves (Dropkin, 1989). In contrast to other 
parasitic nematodes, all PPNs have an oral stylet for perforation 
of plant cell walls and ingestion of cytoplasm from the feeding 
site (Jasmer et aI., 2003). Despite mechanical mechanisms, host 
invasion and migration seem to be facilitated through the use 
of enzymes to degrade structural components of tissues, cells, 
and cell walls in all parasitic nematodes (Jasmer et al., 2003). 
Heterorhabditis bacteriophora invades insect hosts via cuticle 
or natural openings, such as mouth, anus, and spiracles. There-
fore, penetration of nematodes through the cuticle, petritrophic 
membrane of the gut wall, or spiracles may be facilitated by 
enzymatic activities as well as mechanical mechanisms. Previ-
ously, we have identified several proteases that may play an 
important role in insect pathogenesis (Sandhu et aI., 2006). The 
ongoing full-scale EST project as part of the H. bacteriophora 
genome sequencing effort should help identify the participating 
enzymes. 
In the host-parasite interaction, parasitic nematodes may 
modify a host's defense system and interfere with host cell pro-
cesses and gene expression (Jasmer et al., 2003). Metallopro-
tease activity in excretory/secretory products of HPN Necator 
american us may interrupt host signal transduction (Culley et 
al., 2000), and PPNs may secrete antioxidants to counteract 
plant host-generated reactive oxygen species (Henkle-Duhrsen 
and Kampkotter, 2001). Specifically, PPNs modify plant cells 
into giant feeding cells, creating a syncytium, and they also 
modulate host gene expression and cell cycle regulation (Ghey-
sen and Fenoll, 2002). Disruption of even 1 of these genes via 
host-mediated RNA interference has been shown to disrupt par-
asitism (Huang et aI., 2003). In the insect parasitic nematode 
H. bacteriophora, host-parasite interactions also involve its 
symbiotic bacterium P. luminescens. To antagonize the defense 
mechanisms of insect hosts, H. bacteriophora produces a spe-
cific extracellular protease that degrades cecropin, a broad-spec-
trum antibacterial protein generated by insects (Jarosz, 1998). 
Such a mechanism allows the establishment of bacterial infec-
tion, which is the key element of H. bacteriophora life cycle 
and insecticidal ability. The functional studies of these parasitic 
nematode-specific genes of H. bacteriophora identified in our 
EST analysis await the development of genetic tools such as 
stable transformation or RNA interference in H. bacteriophora. 
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A ROLE FOR PROTEASE ACTIVITY AND HOST-CELL PERMEABILITY DURING THE 
PROCESS OF TRYPANOSOMA CRUZI EGRESS FROM INFECTED CELLS 
Jaime Costales* and Edwin C. Rowland 
Molecular and Cellular Biology Program, Tropical Disease Institute, Ohio University College of Osteopathic Medicine, Athens, Ohio 45701. 
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ABSTRACT: The mechanism by which Trypanosoma cruzi egresses from infected cells at the end of the intracellular replication 
cycle is not understood. This study explored the role of T. cruzi-derived proteases and host-cell membrane permeability during 
the parasite's egress process, Treatment with a fluoromethyl ketone, known to inhibit the parasite's major protease, significantly 
reduced parasite egress. In addition, in the late stages of intracellular infection, cells infected with T. cruzi showed increased 
permeability as evidenced by dye exclusion tests. Furthermore, parasites could be antibody stained inside host cells without 
chemical permeabilization of the plasma membrane. These results suggest that in advanced stages of the intracellular cycle of T. 
cruzi, the host cells lose membrane integrity. Previous studies in our laboratory have found that antibodies present in sera of 
mice chronically infected with T. cruzi (antiegressin) bind the surface of infected cells and reduce parasite egress. In agreement 
with these reports, western blot analysis showed that several proteins in infected cell membrane extracts reacted with antibodies 
from infected mouse serum. The findings reported herein might have implications in the process of T. cruzi egress, as well as in 
the mechanism of action of antiegressin. 
Chagas disease, a zoonosis caused by the protozoan parasite 
Trypanosoma cruzi, is a major public health issue in South and 
Central American countries, where an estimated 16-18 million 
people are infected and 100 million (25% of Latin America's 
population) are presently at risk of acquiring the infection 
(World Health Organization, 2002), Chronic forms of Chagas 
disease are associated with severely debilitating clinical mani-
festations, including irreversible damage to the heart and gas-
trointestinal tract (Prata, 2001), Consequently, the endemic 
countries suffer large economic losses due to the inability of 
those infected to work and premature death (Buckner and Voor-
his, 2000), 
The primary means of transmission of T. cruzi infection are 
species of hematophagous reduviid insects, which are associ-
ated with rustic housing typical in economically disadvantaged 
areas of Central and South America, These vectors harbor the 
parasite in their digestive tract and deposit large numbers of 
infectious trypomastigotes in the vicinity of the bite wound by 
defecating while they are feeding. The bitten individual then 
involuntarily contaminates the wound while scratching the bite. 
Blood transfusion can also cause disease transmission, which 
can occur in nonendemic, vector-free areas (Buckner and V<;>or-
his, 2000). Currently, there is no vaccine and no satisfactory 
chemoprophylactic, or chemotherapeutic, treatment for Chagas 
disease (Paulino et aI., 2005). 
When invading a nonprofessional phagocytic cell, T. cruzi 
induces the formation of a parasitophorous vacuole by recruit-
ment of host-cell lysosomes and their fusion to the plasma 
membrane, in a process that involves, activation of host-cell 
signaling pathways by the parasite (reviewed by Burleigh and 
Woolsey, 2002). An alternative route of entry has been recently 
described in which the parasitophorous vacuole originates from 
the host cell's plasma membrane and fuses with lysosomes after 
the parasite has entered the cell (Woolsey et aI., 2003). The 
parasite subsequently initiates transformation into an amasti-
gote, the replicative form of the life cycle, and disrupts the 
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parasitophorous vacuole through a mechanism believed to in-
volve the activity of a pore-forming molecule (Andrews et al., 
1990). Once in the cytosol, the amastigote undergoes many cy-
cles of binary fission, and the resulting parasites transform into 
trypomastigotes (Tyler and Engman, 2001), which escape from 
the host cell and proceed to infect new cells. 
Very little is known about the mechanism of egress of T. 
cruzi from infected cells. Trypanosomes are highly motile or-
ganisms, and it is not unusual to see intense activity by parasites 
in infected cells prior to release. Therefore, some authors have 
suggested that cellular egress may be a mechanical phenome-
non (Buckner and Voorhis, 2000). Another possibility is that 
the intracellular forms of T. cruzi secrete factors that lyse the 
infected cell for egress to occur, similar to the mechanism of 
escape from the parasitophorous vacuole (Buckner and Voorhis, 
2000). Lytic enzymes, such as phospholipases, could potentially 
contribute to the disruption of the host-cell membrane at the 
end of the intracellular cycle (Wainszelbaum et al., 2001). 
The major proteolytic enzyme of T. cruzi is cruzipain (cru-
zain and gp57/51), a cysteine protease of the papain superfam-
ily. Cruzipain is expressed as a mixture of isoforms in all life-
cycle stages and is critical for the survival and development of 
the parasite during its intracellular cycle (Mottram et aI., 1998). 
This cysteine protease is found on the parasite surface (Scharf-
stein et aI., 1986) and is also thought to be released by the 
parasite (Gruppi et al., 1997). Furthermore, cruzipain can cleave 
all of the IgG subclasses in vitro, and it has been postulated to 
be involved in evasion of the humoral immune response in vivo 
by degrading immunoglobulins that bind to the surface of the 
parasite (Berasain et aI., 2003). A role for cruzipain in the pro-
cess of invasion of nonphagocytic cells has been described 
(Scharfstein et al., 2000); however, there are no previous reports 
of cruzipain involvement in T. cruzi's cellular egress. 
Previous studies in our laboratory have focused on the in-
hibition of T. cruzi egress from infected cells by antibodies that 
the host generates during infection. When spleen cells from 
mice infected with T. cruzi were cocultured with infected mouse 
cells in vitro, it was found that the number of parasites released 
into the supernatant was drastically reduced compared with 
control experiments in which the spleen cells of nonimmune 
mice were employed (Rowland and Chen, 2003). Subsequently, 
experiments were designed to test whether serum from infected 
1350 
COSTALES AND ROWLAND-PROTEASE ACTIVITY IN T CRUZI EGRESS 1351 
mice contained a factor responsible for this reduction in the 
released parasite numbers. Drastic reduction in the parasite 
numbers released by the infected cells was found to occur in 
the presence of serum from chronically infected mice. Subse-
quently, experiments suggested that the factor in the infected 
serum responsible for this reduction could be an IgG, and that 
the parasites were able to complete their intracellular develop-
ment, but do not exit the infected cells (Moore-Lai and Row-
land, 2004b). Consequently, it was proposed that the reduction 
in parasite numbers is caused by inhibition of the cellular egress 
at the end of the intracellular cycle of infection (Moore-Lai and 
Rowland, 2004a). However, the identity of the antigenic target 
for the antibody and the mechanism by which the inhibition of 
egress occurs remain to be elucidated. 
The goals of the present study were to test the possibility of 
parasite-derived proteases, specifically cruzipain, being in-
volved in the process of parasite egress from infected cells, and 
to evaluate the permeability of the plasma membrane of T. cru-
zi-infected cells in the late stages of the intracellular infection. 
Here we report that protease inhibitors known to block cruzi-
pain activity significantly reduce parasite egress from infected 
cells and that T. cruzi-infected cells exhibit increased plasma 
membrane permeability during the late stages of the intracel-
lular cycle of infection. 
MATERIALS AND METHODS 
Cell culture and in vitro infections 
BALB/c fibroblasts (CL7, ATCC, Rockville, Maryland) were em-
ployed throughout the study. The cells were maintained in Dulbecco's 
modified eagle's medium supplemented with 5% fetal bovine serum 
(DMEM-5) and kept at 37 C in a 5% CO2 incubator. 
The Brazilian strain of T. cruzi was maintained by serial passage in 
culture as described in Moore-Lai and Rowland (2004a). Infections 
were performed with tissue-culture-derived trypomastigotes at a ratio 
of 10 parasites per infected cell for 3 hr at 37 C in a 5% CO2 incubator 
unless otherwise specified. After in vitro infections, parasites were re-
moved by 5 consecutive washes in sterile phosphate-buffered saline 
(PBS); the removal of parasites was verified at X400 under an inverted 
microscope and fresh DMEM-5 was then added to the cells. Epimas-
tigotes were maintained in liver-infusion tryptose media. 
Sera and antibodies 
Mouse antiserum was obtained from 6-wk-old female BALB/c mice, 
50 days after infection, as described in Moore-Lai and Rowland 
(2004a). Anticruzipain antibodies (Engel et aI., 1998) and 2BlO mono-
clonal antibody (Grijalva et aI., 1999) were used. 
Egress inhibition assays and neuraminidase immunostaining 
BALB/c fibroblasts were plated at a dep.sity of 1.8 X 103 cells/well 
in 96-well plates (l6-well sterile chamber slides [Nalge Nunc Interna-
tional, Naperville, Illinois] were used for some of the experiments) and 
infected with tissue-culture-derived trypomastigotes in a volume of 100 
fl.l of DMEM-5. The intracellular infection cycle was allowed to pro-
gress for 4 days. At day 4 postinfection (PI), the cultures were washed 
4X with PBS to remove any extracellular parasites and 200 fl.l of 
DMEM-5 containing the cruzipain inactivating protease inhibitor Phe-
Ala-fluoromethyl ketone (Phe-Ala-FMK, Sigma, St. Louis, Missouri) in 
dimethyl sulfoxide (DMSO) as a vehicle were added to each well. Con-
trol solutions consisted of DMEM-5 containing DMSO only. On day 5 
PI, the media in the wells was mixed by pipetting and the parasites 
counted microscopically at X400 with the use of a hemocytometer. 
The expression of neuramindase by intracellular trypomastigotes was 
monitored as a marker of progression of the intracellular cycle of the 
parasite by immunostaining with the 2B 10 monoclonal antibody. The 
cells were rinsed with cold sterile PBS and fixed by adding 100 fl.l of 
4% paraformaldehyde to each well for 20 min at room temperature. The 
cells were then washed 3 times in cold PBS and 100 fl.l of a 1: 100 
dilution of 2B I 0 antineuraminidase monoclonal antibody was added to 
the wells and incubated for 1 hr at 37 C. The cells were once again 
washed 3 times with PBS and 100 fl.l of a I :500 dilution of peroxidase-
labeled secondary antibody (goat-antimouse IgM and IgG heavy and 
light chains; Biosource International, Camarillo, California) was added 
to the wells and incubated for I hr at 37 C. After 3 PBS washes, the 
reaction was developed with the use of a chromogenic substrate solution 
containing 3-amino-9-ethylcarbazol (AEC) (0.67 ml 90.4% AEC in di-
methylformamide, 10 ml sodium acetate 0.1 M, pH 5.0, and 10 fl.l of 
a 30% hydrogen peroxide solution). The reaction was stopped by hy-
drogen peroxide depletion by rinsing the cells with distilled water. The 
slide was allowed to dry, a coverslip was mounted, and the number of 
cells stained in red (those containing trypomastigotes expressing neur-
aminidase) per field of view at x400 was counted microscopically. 
Cell-membrane protein extract 
BALB/c cells (I X 107) were plated in T-150 tissue-culture flasks 
(Coming, Cambridge, Massachusetts) and infected with trypomastigotes 
overnight. The monolayer was washed with PBS to remove the extra-
cellular parasites and the infection was allowed to proceed for 5 days. 
The cells were then scraped off the flask into 10 ml PBS with the use 
of a rubber policeman and centrifuged for 10 min at 500 g. Subsequent-
ly, the cells were counted, washed 2X with PBS, and resuspended in 
Dounce buffer (10 mM TrisCl, 0.5 mM MgCI2, pH 7.6) containing 
protease inhibitors (10 fl.g1ml leupeptin, 10 fl.g/ml aprotinin, 1 mM 
PMSF in 100% ethanol) at a concentration :::5 X 108 cells/ml and kept 
at 4 C for 10 min. The cells were then submitted to 90 strokes with a 
Dounce homogenizer and a type-B tight-fitting pestle. Three parts of 
tonicity restoration buffer (10 mM TrisCl, 0.5 mM MgCI2, 0.6 M NaCl, 
pH 7.6) containing protease inhibitors were added per 1 part of ho-
mogenized cell suspension. The rupture of plasma membranes was ver-
ified microscopically and the nuclear fraction and organelles were re-
moved by centrifugation at 500 g for 5 min. The supernatant was col-
lected and 0.5 M EDTA, pH 7.6, was added to a final concentration of 
5 mM. The cell membrane fraction was then pelleted by centrifugation 
for 45 min at 100,000 g at 4 C. Finally, the pellet was resuspended in 
Triton-X-100 lysis buffer (300 mM NaCl, 50 mM TrisCl, 0.5% Triton 
X-100, pH 7.6) with protease inhibitors and dissolved for 45 min at 
room temperature with frequent vortexing. The insoluble material was 
removed by centrifugation at 15,000 rpm for 15 min with an Eppendorf 
microcentrifuge at 4 C. The same procedure was employed to generate 
membrane extracts from control uninfected cells. The concentration of 
protein in the membrane extracts was determined with the use of the 
Bradford protein assay (Bio-Rad, Richmond, California), in accordance 
with the manufacturef's instructions. 
50S-PAGE and western blot 
Thirty micrograms of the cell-membrane protein extracts obtained as 
described above, or epimastigote antigen (Rosfjord et aI., 1990) were 
separated in discontinuous polyacrylamide minigels (4% stacking and 
10% resolving), and western blots were performed as described previ-
ously (Grijalva et al., 1995). Prestained wide-range-color molecular 
weight markers (205-6.5 kDa, Sigma) were employed. 
Immunoprecipitation 
The Seize Primary Immunoprecipitation Kit from Pierce Immuno-
chemicals (Rockford, Illinois) was employed to purify the proteins pres-
ent in the infected cell-membrane protein extracts that are bound by 
antibodies present in the protein-A purified IgG fraction of serum from 
chronically infected mice (obtained with the protein-A antibody puri-
fication kit, Sigma). The manufacturer's specifications were followed, 
with the exception of the antigen elution step. The immunoprecipitated 
antigens were eluted with 1 % sodium dodecyl sulfate and then concen-
trated with centrifugal concentrators with a 3-kDa cutoff (Millipore Cor-
poration, Billerica, Massachusetts) for 30 min at 7,500 g. 
Protein sequencing 
The proteins isolated by immunoprecipitation with antibodies from 
infected sera were separated by SDS-PAGE and stained as described 
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above. The bands were sliced from the gel and submitted to the Mich-
igan Proteome Consortium Proteomics facility at the University of 
Michigan (Ann Arbor, Michigan) to be sequenced by mass spectrometry 
of tryptic digestion fragments. The sequences were employed for pro-
tein identification with the use of Mascot Software (Matrix Science, 
Boston, Massachusetts). 
Trypan-blue exclusion test 
Fibroblasts were allowed to attach overnight on 96-well plates and 
infected with tissue-culture-derived trypomastigotes. The Trypan-blue 
exclusion test was performed daily between days I and 5 PI as follows. 
The medium was removed and the cells rinsed with PBS and 100 fLl of 
0.4% Trypan-blue solution (Sigma) 1: 1 with PBS was added to 4 rep-
licate wells for 5 min. Subsequently, the Trypan-blue solution was re-
moved and the cells rinsed with PBS. The number of Trypan-blue-
permeable cells was determined among 300/cells per replicate well. 
Wells containing uninfected cells were included in each plate to deter-
mine the baseline cell viability. Four replicate wells of infected cells 
per plate were stained with Hema-3 Wright-Giemsa stain (Fisher, Pitts-
burgh, Pennsylvania), and the percent of infection was determined by 
counting 300 infected cells per replicate well. 
Immunofluorescent staining 
Sterile 12-mm circular coverslips (Fisher) were placed inside 200 X 
15 mm culture petri dishes (VWR Scientific Products, West Chester, 
Pennsylvania) and 1 X 106 BALB/c fibroblasts were seeded in each 
dish and infected with trypomastigotes overnight. Between days 1 and 
5 PI, coverslips were aseptically removed on a daily basis and rinsed 
with PBS, and immunostaining was performed as follows. Cells were 
fixed in 4% methanol-free paraformaldehyde for 8 min and rinsed twice 
with PBS. As a positive control, some of the cells were permeabilized 
for 1 min in 0.5% Triton-X (Sigma) in PBS. The detergent was removed 
by rinsing twice in PBS. Primary antibody (1:800) was incubated with 
the cells for 30 min. The primary antibodies were either sera from 
chronically infected (day 50) BALB/c mice or rabbit antihuman tubulin 
antiserum (cross reacts with mouse tubulin [Sigma]). The coverslips 
were then rinsed in PBS twice and kept in PBS for 10 min to wash 
away nonbinding primary antibody. Secondary antibody (FITC-Iabeled 
goat-antimouse IgG [Southern Biotechnology Associates, Birmingham, 
Alabama] or FITC-Iabeled donkey-antirabbit IgG [H+L] [Jackson 
ImmunoResearch Laboratories, West Grove, Pennsylvania]) at a 1:500 
dilution was incubated with each coverslip for 30 min, and the washing 
procedure was repeated as above. Finally, the coverslips were incubated 
in 0.05 mM 4' ,6-diamidino-2-phenylindole (DAPI, Sigma) for 20 min 
to label host-cell and parasite DNA and the coverslips were mounted 
on glass slides with the use of ProLong antifade reagent (Molecular 
Probes, Eugene, Oregon). Digital pictures of the cells were obtained 
with the use of a Nikon Eclipse E600 fluorescence microscope (Nlkon 
Instruments, Inc., Melville, New York) equipped with a Spot RT camera 
(Diagnostic Instruments, Sterling Heights, Michigan) and the Meta-
morph software (Molecular Devices, Downingtown, Pennsylvania). 
Statistical analysis 
The data were analyzed by I-way ANOVA and Tukey and Scheffe 
post hoc tests employing the SPSS statistical package (Chicago, Illi-
nois). If only 2 samples were being compared, an independent-sample 
t-test was used. A P value smaller than 0.05 was considered significant. 
RESULTS 
Treatment with fluoromethyl ketone reduces parasite 
egress 
The protease inhibitor Phe-Ala-FMK, which specifically in-
hibits cruzipain, was tested in an in vitro assay for parasite 
egress inhibition. Preliminary studies showed that the addition 
of the FMK did not alter the morphology or growth rate of the 
cells employed in the study at 100-ILM concentration. To ensure 
that the intracellular replication of the parasite was not affected, 
the FMK was added at a concentration of 100 ILM or lower at 
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FIGURE 1. Phe-Ala-FMK reduces parasite egress in a dose-depen-
dent manner. At day 4 PI, BALB/c fibroblast cultures were incubated 
with either DMEM-5 containing DMSO only (control) or DMEM-5 
containing 25, 50, or 100 fLM Phe-Ala-FMK in DMSO (FMK). Error 
bars represent the standard deviation. *Represents statistical significance 
relative to the control, P < 0.05, n = 4. 
day 4 PI, when the transformation to trypomastigotes has al-
ready occurred. There was a sharp reduction in the number of 
egressed parasites correlated with the dose of FMK added (Fig. 
1). 
Neuraminidase immunostaining (Moore-Lai and Rowland, 
2004a), which allows for the identification of cells in late stages 
of the infection cycle, was employed to ensure that parasite 
egress was specifically inhibited by the FMK and that prior 
stages of the intracellular cycle were not affected. In the cul-
tures that contained FMK, the number of cells that stained pos-
itive for neuraminidase was higher than that of control cultures 
(Fig. 2A), while simultaneously the number of parasites found 
in the supernatant fluid was lower (Fig. 2B). 
Antibodies present in chronic sera bind to host-cell 
surface proteins 
Cell-membrane protein extracts from both uninfected and in-
fected BALB/c fibroblasts were obtained as described in the 
Materials and Methods section and evaluated by SDS-PAGE 
(Fig. 3, lanes A and B, respectively). Western blot analysis 
showed that pep tides present in the uninfected cell extracts are 
not bound by the antibodies present in serum from uninfected 
mice (Fig. 3, lane C) or infected mice (Fig, 3, lane D). In con-
trast, 4 bands (1 at 98 kDa and 3 at the 130-kDa and higher 
region) were detected by the western blot when infected serum 
was reacted with the infected cell-membrane components (Fig. 
3, lane F). These bands are absent when the membrane com-
ponents of noninfected cells are used as antigen (Fig. 3, lane 
E). 
Cruzipain is absent from the surface of infected cells 
No protein bands corresponding to the molecular weight of 
cruzipain were detected by antibodies from chronic sera when 
infected membrane extracts (prepared as per Materials and 
Methods) were used as antigen in western blot analysis. To 
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FIGURE 2. Treatment of T. cruzi-infected cultures with Phe-Ala-FMK increases the number of infected cells staining for neuraminidase; T. 
cruzi-infected BALB/c fibroblasts were immunostained using an antineuraminidase monoclonal antibody (2B 10) as primary antibody. (A) Number 
of fibroblasts staining positive for neuraminidase. (B) Number of parasites egressed. Control = cultures of infected cells grown in DMEM-5 
containing DMSO only. FMK = cultures of infected cells grown in DMEM-5 in the presence of 100 fLM FMK in DMSO. Magnification = X400. 
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FIGURE 3. SDS-PAGE and western blot analysis of membrane pro-
teins from T. cruzi-infected fibroblasts. The electrophoretic pattern of 
membrane cell extracts from uninfected (lane A) and T. cruzi-infected 
(lane B) BALB/c fibroblasts are shown on a 10% SDS-PAGE gel 
stained with Commassie blue. Gels similar to these were transferred to 
nitrocellulose membranes and tested against normal (lanes C and E) or 
chronic (lanes D and F) mouse serum as primary antibody. UNF = 
membrane extract from uninfected fibroblasts. INF = membrane extract 
from infected fibroblasts. N = sera from normal mice used as primary 
antibody in the western blot analysis. C = sera from infected mice used 
as primary antibody in the western blot analysis. 
confirm the absence of cruzipain from the cell membrane of 
infected cells, specific rabbit-anticruzipain antibodies (Engel, 
1998) were employed in western blot with the use of infected 
membrane extracts as antigen. Epimastigote antigen was em-
ployed as positive controL The antibodies bound ~50- and 
~60-kDa bands in the epimastigote antigen preparation, which 
correspond to cruzipain, known to have isoforms of 51 and 57 
kDa (Fig. 4, lane C). However, no reactivity was observed with 
the infected cell membrane extract (Fig. 4, lane D). 
Protein sequencing reveals the presence of the protease 
inhibitor alpha-1-antitrypsin (A1AT) in the membrane 
protein extracts 
Proteins in infected cell-membrane extracts that are bound by 
antibodies from infected mouse sera were purified by immu-
noprecipitation. The 98-kDa band and 1 of the bands greater 
than 130 kDa were purified. Two replicates of the purified 98-
kDa band and 2 replicates of the purified 130-kDa band resulted 
from the immunoprecipitation experiments, and they were ex-
cised from SDS-PAGE gels and submitted for sequencing at the 
University of Michigan's proteomics facility. 
Only the 98-kDa band yielded good mass spectra, which 
matched AIAT in the database searches. For the first replicate, 
only I tryptic digest fragment with a good mass spectrum was 
obtained. Nevertheless, this fragment could be matched to 
A1AT with very high confidence. For the second replicate, 6 
fragments yielded good mass spectra that could be used for 
sequencing. Five of the 6 matched A1AT, whereas the sixth did 
not have a match in the databases. 
Approximately 14% of the sequence of murine A1AT was 
covered by the 5 fragments. The fragments are nonoverlapping 
and span a total of 55 amino acids from the 402 of the total 
sequence of murine A1AT. Of the 55 residues covered by the 
fragments, only 3 residues predicted by the mass spectra did 
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FIGURE 4. Cruzipain is absent from the plasma membrane of in-
fected cells. Thirty micrograms of T. cruzi epimastigote antigenic ex-
tract (A) or T. cruzi-infected cell membrane extract (obtained as per 
Materials and Methods) (B) were electrophoresed in a 10% SDS-PAGE 
gel and stained with Commassie blue. Equivalent lanes were electro-
transferred to nitrocellulose membranes and tested for binding with an-
ticruzipain antibodies by western blot. The epimastigote antigen was 
the positive control for antibody binding (e). No reactivity was found 
in the membrane extracts (D). 
not match the published sequence murine AIAT (Borriello and 
Krauter, 1991). The results are summarized in Table I. 
Infected cells show altered permeability in late stages 6f 
the intracellular cycle 
The permeability of the plasma membranes of BALB/c cells 
infected by T. cruzi was studied with the use of a Trypan-blue 
exclusion test during a 5-day time course. The infection rate in 
the cell cultures as determined by Giemsa staining on day 5 PI 
was 49%. Under the inverted microscope, the live cells in ad-
vanced stages of infection are distinguishable because of their 
rounded morphology and the large numbers of actively moving 
trypomastigotes that they contain. Starting on day 3 PI, the 
number of cells that were not able to exclude Trypan blue was 
significantly higher in the infected cell cultures compared with 
the uninfected control cultures (P < 0,001) (Fig. SA). Trypo-
mastigotes were clearly visible in most of the infected cells that 
were Trypan permeable (Fig. 5B), and approximately half of 
the cells in the infected cultures (47%) at day 5 PI were per-
meable to Trypan blue. Increased cell permeability at late stages 
of the intracellular cycle was also verifiable in experiments us-
ing propidium-iodide exclusion (not shown). When day-5 in-
fected cultures were analyzed for propidium-iodide exclusion, 
29% of the infected cells were found to be permeable to the 
dye. 
Permeability to small molecules, such as Trypan blue, does 
not necessarily imply that the membrane is permeable to larger 
molecules as well. To evaluate whether antibodies could reach 
parasites inside infected cells, indirect immunofluorescence was 
used. Fixation with methanol-free paraformaldehyde was em-
ployed to preserve the cell membrane integrity of cultured cells 
during immunofluorescent staining. The infected cells can be 
readily distinguished by using DAPI to label the host-cell nu-
cleus as well as the parasites' nuclei and kinetoplasts. In most 
of the cases, the uninfected cells could not be stained with an-
titubulin antibodies, whereas infected cells were readily stained 
(Fig. 6). 
Parasites inside cells in early stages of infection could be 
stained with the use of chronic mouse sera as the primary an-
tibody only if the cells were permeabilized by Triton-X treat-
ment (Fig. 7 A), whereas they were not immunostained in cells 
that had not been detergent-permeabilized (Fig. 7B). However, 
in later stages of the intracellular cycle (starting at day 3 PI), 
trypomastigotes were stained inside fixed infected cells that had 
not been permeabilized (Fig. 7C). Only 5% of the infected cells 
were permeable to the antibodies at day 3 PI, but as many as 
43% of the infected cells were permeable by day 5 PI. Extra-
cellular parasites in the cultures could be differentiated from 
intracellular parasites by their more intense fluorescence (Fig. 
7A, C). 
DISCUSSION 
Very little is known regarding the mechanism by which T. 
cruzi egresses from infected host cells after the completion of 
its intracellular cycle. The present report provides evidence 
pointing toward a role for protease activity during the process 
of T. cruzi cellular egress. Furthermore, increased host-cell per-
meability was observed during the late stages of the intracel-
lular cycle of T. cruzi . 
FMKs are protease inhibitors known to irreversibly block the 
activity of cruzipain: Harth et al. (1993) showed that Phe-Ala-
FMK inhibits cruzipain activity and thus blocks the intracellular 
transformation of amastigotes into trypomastigotes, but not the 
invasion of host cells by T. cruzi. 
These authors also reported that this FMK was not toxic to 
mammalian cells at concentrations as high as 250 j..LM, and that 
it did not significantly block the amastigote multiplication at 
conc~ntrations of 100 j..LM or lower. In vitro experiments were 
designed to test the ability of this FMK to block parasite egress. 
Cells were infected in culture and 100 j..LM FMK was added at 
day 4 PI. At this point in the intracellular cycle, the amastigotes 
have already transformed into trypomastigotes and, therefore, 
the inhibition of earlier stages of the intracellular cycle by 
FMKs can be disregarded as the cause of a reduction in the 
number of parasites released into the culture media. The treat-
ment with the inhibitor was shown to reduce the number of 
parasites in the supernatant in a dose-dependent manner. 
To confirm that egress, and not prior stages of the intracel-
lular cycle, was specifically inhibited by the addition of the 
FMK, neuraminidase immunolocalization assays were per-
formed as described by Moore-Lai and Rowland (2004a). Neur-
aminidase is a developmentally regulated enzyme that is ex-
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TABLE I. Amino acid sequencing results. * 
Experiment 
I 
2 
ID 
a-I-AT 
a-I-AT 
Fragments matching ID 
I.IFNNGADLSGITEENAPLK 
1. VINDFVEKt 
2. MQHLEQTL~(N)K§ 
3. L~(V)QIH!:(I)PR§ 
4. TLMSPLGITR 
5. IFNNGADLSGITEENAPLK 
Number of 
residues 
19 
8 
10 
8 
10 
19 
Position in Mowse Total Mowse 
sequence score score 
318-336 73:j: 73:j: 
163-170 29 218:j: 
266- 275 50:j: 
289- 296 32 
308-317 32 
318-336 76:j: 
* ID = Identity of the protein as determined by Mascot software. Fragments matching ID = sequence of the fragments that matched the protein identification by 
Mascot software. Mowse score = -10 log(P}, where P is the probability of the observed match being a random event. This score is calculated by the algorithms 
in the Mascot software. Total Mowse score = additive value that reflects the different scores of the indi vidual peptides in the experiment. It reflects the probability 
of the observed match for all of the fragments being a random event. 
t Fragment that matched bovine sequences by BLAST search. 
:j: Indicates that the peptide lD is statistically significant (the probabi lity of the ID being incorrect is P < O.05). 
§ Incorrectly predicted amino acids are underlined. The correct residue for each incorrectly predicted position is indicated in parentheses. 
pressed mainly by the trypomastigotes (Taylor, 1996). A mono-
clonal IgM antibody that binds neuraminidase and has been 
shown to be able to stain intracellular trypomastigotes a short 
time prior to their release from infected cells was employed 
(Grijalva et aI., 1999). This immunostain allows identification 
of cells that contain parasites in advanced stages of the intra-
cellular cycle, ready to egress the cell, as previously reported 
(Moore-Lai and Rowland, 2004a). In cultures that contained 
100 fLM FMK in the culture media, the number of cells that 
stained positive for neuraminidase was higher than that of cul-
tures incubated with vehicle control; simultaneously, the num-
ber of parasites found in the supernatant fluid was lower in the 
presence of FMK than in the presence of vehicle control only. 
This supports the notion that the reduction in the number of 
parasites found in the culture media is not due to inhibition of 
early stages of the intracellular cycle, but rather to the parasites' 
inability to egress from the infected cells after transforming into 
trypomastigotes. 
An involvement of proteases in parasite cellular egress has 
A. 
(t) 
• Infected 1i 120 
~ 
'i 100 o Uninfected c 
'; 80 
1$ 60 ~ ~. ' 
.iii 40 
* 
.c 
c 
* ftII 20 ~ 0 
1 2 3 4 
Day Po~ Infection 
* 
been reported for the apicomplexan Plasmodium falciparum , 
and inhibitors of the protease falcipain block merozoite egress 
from the infected red blood cells (Bannister, 200 I). In our in 
vitro system, a similar effect on T. cruzi egress was produced 
by Phe-Ala-FMK, suggesting that protease activity is involved 
in this process as well. The proteolytic activity (1) could cause 
the cleavage of cell components, such as cytoskeleton proteins, 
to induce plasma membrane instability and facilitate parasite 
exit, in a manner similar to what has been observed for Plas-
modium falciparum's fa1cipain (Hanspal et aI., 2002); (2) could 
be involved in the maturation of the precursor forms of other 
hydrolytic enzymes (lipases, other proteases); or (3) could ini-
tiate signaling cascades that alter the host-cell machinery, fa-
cilitating parasite egress, in a manner that is similar to what has 
been observed during parasite invasion, when cruzipain has 
been shown to initiate signaling cascades that cause the actin 
cytoskeleton of the host cell to promote parasite entry (Scharf-
stein et aI., 2000). 
It has been previously reported by our laboratory (Moore-
B. 
5 
FIGURE 5. Trypan-blue exclusion test in T. cruzi-infected fibroblasts . (A) The permeability of BALB/c fibroblasts infected with T. cruzi to 
0.2% Trypan blue was tested in a time course starting at day I after infection. The bars represent the average number of Trypan-permeable cells 
in counts of 300 cells in 4 replicate wells. Error bars represent the standard deviation. *Represents statistical significance relative to the control , 
P < 0.05. (B) Appearance of T. cruzi- in fected cells stained with Trypan blue under the inverted microscope (X 400 magnification). Arrow indicates 
a stained cell containing motile trypomastigotes. 
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FIGURE 6. Fixation procedure preserves cell-membrane integrity. BALB/c fibroblasts were fixed as per Materials and Methods at day 5 PI and 
stained with antitubulin antibodies. (A) DNA-labeling dye DAP!. (B) Antitubulin primary antibody and FITC labeled secondary. (C) Overlay. 
Magnification = X 1,000. i.c . = infected cell. U.c. = uninfected cell. 
Lai and Rowland, 2004a, 2004b) that antibodies present in the 
serum of chronically infected mice are capable of blocking T. 
cruzi's egress from infected tissue-culture cells. These antibod-
ies have been termed antiegressin and have been reported to 
bind the surface of the infected cells, and inhibit parasite egress 
by an unknown mechanism. 
Western blot experiments showed that antibodies present in 
the infected sera bound to proteins present in the plasma mem-
brane extracts of infected cells, but not of uninfected cells. A 
characteristic banding pattern was observed in the western 
blots, i.e., 1 band at 98 kDa and a group of 3-4 bands above 
130 kDa. However, no proteins with the molecular weight of 
cruzipain (51-57 kDa) were detected. Absence of cruzipain in 
the plasma membrane extracts was confirmed with the use of 
anticruzipain-specific antibodies in the western blot, showing 
that this major T. cruzi protein was not present on the surface 
of infected cells. Therefore, even though cruzipain appears to 
playa role in parasite egress, it does not constitute a target for 
antiegressin on the surface of the infected cells. 
Extracts from infected cells were immunoprecipitated with 
the antibodies present in the IgG fraction of sera from infected 
mice, in an attempt to identify the proteins that formed the 
different bands observed in western blot. Immunoprecipitated 
peptides were separated in SDS-PAGE gels and sequenced by 
mass spectrometry after in-gel tryptic digestion in a proteomics 
facility. Mouse AIAT, a protease inhi4jtor, was identified as a 
component of the 98-kDa band in at least 2 independent ex-
periments. Because the molecular weight of AIAT is 52 kDa 
(Coakley et a!., 2001), which did not match the 98-kDa size 
observed by SDS-PAGE in our experiments, we hypothesized 
that A I AT, though present in the original cell membrane extract, 
had not been immunoprecipitated by direct interaction with the 
antibodies in the chronic sera, but it had rather coimmunopre-
cipitated along with another antigenic component of the cell 
membrane , AIAT covalently binds the proteases it inhibits, 
forming a complex that is not dissociated during SDS-PAGE 
(reviewed by Gettins, 2002). It is plausible then, that the 98-
kDa band represents a complex in which AIAT is covalently 
bound to an immunogenic protease, and that they were coim-
munoprecipitated from the membrane extracts. The identity of 
the protease remains to be elucidated. 
AIAT could be associated to the membrane through inter-
action with the low-density lipoprotein-receptor-related protein 
(LRP), which is known to act in a pathway that removes AIAT 
complexed with proteases from circulation (reviewed by Get-
tins, 2002). Microan'ay data from previous experiments per-
formed in our laboratory show that BALB/C cells express the 
LRP and that infection with T. cruzi upregulates the expression 
of the receptor approximately 2-fold (Moore-Lai and Rowland, 
data not shown), It is possible then, that the 98-kDa complex 
is associated to the membrane through the LRP. 
Furthermore, our attempts to test if commercially available 
goat antibodies against human A I AT (which cross react with 
mouse A I AT) could reduce parasite egress in vitro failed due 
to toxicity of the antibody preparation on the host cells (data 
not shown), even after extensive purification and dialysis of the 
antibody samples. Finally, injection of AIAT antibodies in ex-
perimentally infected mice caused only a slight reduction of 
parasitemia in I of the time points (day 28 PI), which possibly 
holds no biological relevance. Altogether, these results suggest 
that even though A I AT is found in the membrane protein ex-
tracts, antibodies specific for A I AT are not likely responsible 
for the immunoprecipitation of the 98-kDa complex or for 
blocking parasite egress. 
Pe"rmeabilization of the host-cell plasma membrane is an ear-
ly event during Toxoplasma gondii egress from infected cells, 
allowing ion flux between the extracellular milieu and the cy-
tosol of the infected cell, which activates T. gondii's motility 
(Black et a!., 2000). Furthermore, infection by P. Jalciparum 
has also been found to increase the solute traffic across the 
membrane of the infected red blood cells dramatically (Thomas 
and Lew, 2004). Perhaps in a related way, T. cruzi-infected 
cells lose membrane integrity before parasite egress, as sug-
gested by our results employing Trypan-blue and propidium-
iodide exclusion tests. Staining by Trypan blue and propidium 
iodide have long been accepted as indicators of necrotic death 
(Herman et aI., 1988). Shortly prior to egress of the parasites, 
the host cells' attachment to the substrate loosens, the cell ac-
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FIGURE 7. BALBlc fibroblasts infected with T. cruzi are permeable to antibodies late in the infection cycle. BALBlc fibroblasts infected by 
T. cruzi were fixed with paraformaldehyde as per Materials and Methods and immunostained with infected mouse sera as primary antibody and 
FITC labeled secondary antibody. (A) Permeabilized cell at day 1 postinfection. (B) Nonpermeabilized cell at day I postinfection. (C) Nonper-
meabilized cell at day 3 PI. Magnification = x 1,000. i.p. = intracellular parasite. e.p. = extracellular parasite. 
quires a rounded morphology, and actively moving parasites are 
clearly visible. In our hands, these cells are almost invariably 
stained by Trypan blue. A small percentage of the infected cells 
are permeable to both Trypan blue and propidium iodide as 
early as day 3 PI, but 47% of the cells in the infected cultures 
were found to be permeable to Trypan blue and 29% were 
permeable to propidium iodide in day-5 cultures, when egress 
is actively occurring. Because both of these tests are performed 
with live, non fixed cells, the lower number of permeable cells 
in the propidium-iodide assay may be caused by differences in 
the staining procedure, which includes more washes for the pro-
pidium-iodide staining, resulting in removal of a number of the 
infected cells that are poorly adherent in the later stages of 
intracellular infection by T. cruzi. 
Propidium iodide and Trypan blue are relatively small mol-
ecules (668.4 and 891.8 Da, respectively). However, the fact 
that parasites could be immunostained after a fixation procedure 
that is designed to preserve the plasma membrane integrity sug-
gests that the host cells in late stages of infection by T. cruzi 
become permeable to molecules as large as antibodies. The fix-
ation procedure that was employed allowed the cell membrane 
of uninfected cells to exclude antibodies when the primary an-
tibody dilution was I :800 or higher. The uninfected cells 
seemed to be able to exclude the antibodies, whereas the in-
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fected cells did not, again suggesting that in the late stages of 
intracellular infection by T. cruZI the host-cell membrane is per-
meable to molecules as large as antibodies. An alternative in-
terpretation of our results would be that the plasma membrane 
of the host cell is weakened at the end of the intracellular cycle, 
allowing small molecules (like Trypan blue) to freely flow in 
and out of the cell. This weakening of the membrane of infected 
cells could result in permeabilization to large molecules (like 
antibodies) under fixation conditions that normally would not 
permeabilize healthy cells to the same extent. The increase in 
membrane permeability could be the result of cell necrosis due 
to the burden that the parasitic infection places on the host cells 
after many days of intracellular infection and multiplication. On 
the other hand, the parasite could be actively disrupting the 
host-cell membrane prior to egress by the action of lipases, 
pore-forming proteins, or other parasite-derived factors. 
The time at which the infected-cell permeability arises, start-
ing at day 3 and peaking at days 4 and 5, coincides with the 
time of transformation of amastigotes into trypomastigotes. The 
replicative forms of T. cruzi in the mammalian host are thought 
to be protected from the action of the immune system by being 
located intracellularly. Because the infected cells become per-
meable to antibodies only in the late stages of infection (after 
day 3 PI), the amastigotes would still be protected from anti-
bodies during the replication stages. Trypomastigotes have been 
shown to be resistant to complement lysis by production of 
several glycoproteins that interfere with the complement cas-
cade (Fischer et aI., 1988; Joiner et aI., 1988; Norris et aI., 
1991) and thus they would not be lysed by complement-fixing 
antibodies even if they could reach the antibodies upon host-
cell permeabilization. 
Host-cell permeability might have important implications for 
the mechanism of action of antiegressin. If, because of the cell 
permeability in the late stages of the intracellular cycle, para-
site-specific antibodies are capable of reaching the trypomasti-
gotes inside the cells, the parasites could be agglutinated or 
their motility hampered, reducing their capability of escape 
from the dying host cell and slowing their spread to other cells. 
If parasite-derived proteases or lipases are involved in the host-
cell membrane lysis during T. cruZI egress, these enzymes co.uld 
also be bound by antibodies reducing their activity. 
Therefore, it is possible that antiegressin does not have a 
unique target, as previously thought, and that it is polyclonal in 
nature instead, with many antibodies present in chronic sera, 
some binding the intracellular parasites, some the cell surface, 
as suggested by previous studies (Moore-Lai and Rowland, 
2004b), and, finally, some binding P3J:ilsite-derived factors in-
volved in host-cell lysis. Altogether, antibodies with these dif-
ferent specificities could result in the reduction in the rate of 
parasite egress from the infected cells. 
Future directions of the studies in egress inhibition will in-
clude evaluation of the role played by pore-forming proteins 
from the parasite in the process of cellular egress and analyzing 
the possible involvement of ion fluxes in the process of egress 
and their relationship with cell permeability. 
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EXPERIMENTAL INFECTION OF PEROMYSCUS CALIFORNICUS WITH 
TOXOPLASMA GONDII 
Haydee A. Dabritz*, Melissa A. Millert, Andrea E. Packham, Daniel Rejmanek, Christian M. Leutenegger:j::§, 
Ian A. Gardner:j::, E. Robert Atwill, and Patricia A. Conradll 
School of Veterinary Medicine, University of California, One Shields Avenue, Davis, California 95616. e-mail: paconrad@ucdavis.edu 
ABSTRACT: Eight female Peromyscus califomicus were infected with 102 or 104 Toxoplasma gondii culture-derived tachyzoites 
(Type II or X) isolated from southern sea otters. All but 2 mice survived infection and developed antibodies to T. gondii. The 2 
fatally infected mice were inoculated with 10" tachyzoites of the Type X strain. Parasite detection by immunohistochemistry 
(IHC) and DNA amplification with 2 polymerase chain reaction (PCR) methods was compared for brain, heart, lung, liver, spleen, 
biceps muscle, and tongue, at a mean of 41 days postinfection. Parasites were detected most commonly by IHC in spleen (8/8) 
and brain (6/8). DNA amplification by PCR was most successful from brain, heart, and spleen. 
Like most species of warm-blooded vertebrates, rodents are 
intermediate hosts for Toxoplasma gondii, a protozoan parasite 
that was first detected in the spleen, liver, and blood of an Af-
rican rodent, the gondi, Ctenodactylus gondi (Nicolle and Man-
ceaux, 1908). Toxoplasma gondii undergoes sexual reproduc-
tion in the intestinal epithelium of felids, resulting in the pro-
duction of millions of oocysts that are shed in their feces (Joyn-
son and Wreghitt, 2001). Rodents become infected by ingesting 
soil, vegetation, or water contaminated with T. gondii oocysts. 
In experimentally infected mice, T. gondii sporozoites excyst 
from the oocyst within 30 min of ingestion, and they enter 
enterocytes of the small intestine, later transforming to motile 
stages (tachyzoites) within the cells of the lamina propria (Dub-
ey, Speer et al., 1997). Within 48-72 hr, tachyzoites disseminate 
to the mesenteric lymph nodes, and they can be found in many 
organs, including the heart, lung, spleen, and brain :::;6 day post-
infection (PI) (Dubey, Speer et aI., 1997). As host immunity 
increases, organisms form slowly dividing bradyzoites within 
thick-walled tissue cysts that are protected from the host's im-
mune system and persist for long periods. Tissue cysts may be 
detectable as early as 8 days PI in the brains of mice (Dubey, 
Speer et aI., 1997). Cysts in the brain are long-lived in some 
hosts, such as mice, but may eventually deteriorate in the brains 
of rats (Ferguson et aI., 1994; Dubey, 1996; Guerrero and Chin-
chilla, 1996). Rats are more resistant to T. gondii than mice, 
and they may be capable of eliminating the parasites from th.eir 
tissues because of differences in their immune response to T .. 
gondii infection (Chinchilla et aI., 1981; Pettersen, 1988; Dub-
ey, 1996). Congenital transmission during primary infection oc-
curs in both rats and mice, but vertical transmission in subse-
quent pregnancies is rare in rats, whereas it occurs with greater 
frequency in mice (Beverley, 1959; Remington et aI., 1961; 
Dubey, Shen et aI., 1997; Owen and TJ,;e,es, 1998; Freyre et al., 
2003; Marshall et al., 2004). 
Mice and rats also differ in their susceptibility to strains of 
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T. gondii. Genotyping has distinguished 3 major strains, Le., 
types I, II, and III (Howe and Sibley, 1995). Although rats and 
voles are relatively resistant to T. gondii infection (Chinchilla 
et al., 1981; Dubey and Frenkel, 1998; Sedlak et al., 2001), 
murine susceptibility to toxoplasmosis is parasite strain-depen-
dent (Araujo et al., 1976; Suzuki et al., 1995; Dubey et aI., 
2003). Mice are highly susceptible to Type I strains, whereas 
Type II and III strains are usually avirulent (Suzuki et al., 1995; 
Dubey et al., 2003). Atypical T. gondii strains have also been 
reported (Darde, 1996; Grigg and Suzuki, 2003; Ajzenberg et 
aI., 2004), including a Type X strain that predominates in sea 
otter stranding near Morro Bay, California (Miller et al., 2004; 
Conrad et aI., 2005). 
Small rodents play an important role in the life cycle of T. 
gondii on land, because they are thought to represent the main 
source of infection for domestic cats (Felis catus). Toxoplasma 
gondii infection in Peromyscus sp. has not been extensively 
studied, and there is a paucity of data on T. gondii infection in 
small mammals native to California (Dubey, 1983). To our 
knowledge, no studies have documented the outcome of exper-
imental infection with T. gondii in Peromyscus califomicus. 
Peromyscus califomicus mice were selected for study because 
they are highly abundant in California ecosystems south of the 
San Francisco Bay (Jameson and Peeters, 1988), and they may 
be important in maintaining T. gondii infection in near shore-
dwelling wild carnivores and domestic cats. 
The aims of the experimental infection study were to (1) 
determine the susceptibility of P. califomicus to T. gondii in-
fection at 2 doses with 2 different strains; (2) compare serologic 
titers using anti-mouse and anti-P. leucopus secondary antibody 
in the indirect fluorescent antibody test (IFAT); (3) compare 
detection of T. gondii parasites by immunohistochemistry (IHC) 
to polymerase chain reaction (PCR) (2 methods) and tissue cul-
ture in experimentally infected P. califomicus; and (4) deter-
mine which of 7 tissues (heart, brain, lung, liver, spleen, tongue, 
and biceps muscle) most frequently had detectable T. gondii 
parasites. The most sensitive method for parasite detection in 
the experimentally infected P. califomicus was determined, so 
it could be applied to screen wild rodents from coastal Califor-
nia in future studies. 
MATERIALS AND METHODS 
Experimental infection of Peromyscus californicus 
Eight female P. califomicus (Peromyscus Genetic Stock Center, Co-
lumbia, South Carolina) aged 8 to 12 wk and weighing 31-49 g were 
infected with T. gondii tachyzoites via s.c. inoculation at the scruff of 
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the neck. The mice were randomly assigned to dose and strain type 
using the random number generator in MINITAB® Release 14.2 soft-
ware (Minitab Inc., State College, Pennsylvania). Mice were bled via 
the retro-orbital sinus under anesthesia before inoculation, and their sera 
were tested for T. gondii antibodies by the IFAT to confirm negative 
serostatus before T. gondii inoculation. Four P. calilornicus mice ex-
perimentally infected with Sarcocystis neurona and housed in the same 
room served as negative controls. The T. gondii isolates were derived 
from naturally infected southern sea otters. Four of the mice were in-
fected with Type II isolate #1340 and 4 with Type X isolate #1544 
(Grigg et aI., 2001; Miller et aI., 2004). Two mice in each group were 
inoculated with a high dose (104 tachyzoites) and 2 with a low dose 
(102 tachyzoites). The mice were housed singly in a pathogen-free fa-
cility, and they had access to food and water ad libitum. The mice were 
bled from the retro-orbital sinus under anesthesia at 27 days postinoc-
ulation (DPI), and they were humanely killed by CO2 asphyxiation and 
exsanguinated by intracardiac puncture at 41 DPI. All animal experi-
ments were conducted with approval of the Institutional Animal Care 
and Use Committee at the University of California, Davis, which is 
accredited by the Association for the Assessment and Accreditation of 
Laboratory Animal Care International. Seven tissues (brain, heart, lung, 
liver, spleen, tongue, and right biceps muscle) were harvested asepti-
cally at necropsy. Excluding the brain, half of each tissue was placed 
in formalin for IHC, and the remainder was frozen at -20 C for PCR. 
The brain was divided longitudinally into 3 approximately equal sec-
tions: I for IHC, I for PCR, and the third portion was inoculated into 
tissue culture, as described previously (Miller et aI., 2001). Briefly, the 
brain tissue was homogenized using a 14-guage needle, digested with 
0.05% trypsin, and added directly to I ml of protozoan culture medium 
in a 25-cm2 flask containing MA104 monkey kidney cells. The flask 
was rinsed after 2 hr, fresh medium was added, and the culture was 
incubated at 37 C for :530 days. Cultures were examined with an in-
verted microscope 2-3 times per week for the presence of T. gondii 
parasites. 
Serology 
Serum was diluted in phosphate-buffered saline (PBS), pH 7.4 (Dia-
medix, Miami, Florida), in 2-fold serial dilutions ranging from 1:40 to 
the endpoint. Titer was characterized as the inverse of the dilution of 
the last well with distinctive fluorescence outlining formalin-fixed ta-
chyzoites. Ten microliters of serum (or pericardial fluid for fatally in-
fected mice) was incubated at 37 C for I hr on 12-well slides (Erie 
Scientific, St. Louis, Missouri) coated with Formalin-fixed T. gondii 
tachyzoites derived from tissue culture, as described previously (Miller 
et aI., 2001). Slides were washed 3 times for 5 min each in PBS, and 
10 ILl of fluorescein isothiocyanate-Iabeled goat anti-mouse (Jackson 
ImmunoResearch Laboratories, West Grove, Pennsylvania) or goat anti-
P. leucopus (Kirkegaard & Perry Laboratories Inc., Gaithersburg, Mary-
land) IgG secondary antibody, both diluted I: 100, was added to "detect 
the presence of antibodies bound to T. gondii tachyzoites. Each sample 
was tested using both types of secondary antibody. After addition of 
the appropriate secondary antibody, slides were incubated for I hr at 
37 C, washed 3 times in PBS, 10 ILl of buffered glycerol, pH 8.5, was 
added to each well, and the slides were examined at X200 on an im-
munofluorescent microscope (Carl Zeiss Optical, Inc., Chester, Virgin-
ia). Positive controls consisted of sera from experimentally-infected 
Swiss Webster mice. Negative controls were sera from mice bled prior 
to T. gondii infection. 
Immunohistochemistry 
Murine tissues were prepared for IHC as described previously (Miller 
et aI., 2001; Arkush et aI., 2003). Available tissues were sliced into 
5-ILm-thick sections, paraffin-embedded, and immunohistochemically 
stained with polyclonal rabbit antibodies to T. gondii. All slides were 
examined microscopically at x40 and X 100 by a pathologist for the 
presence of T. gondii tachyzoites or bradyzoites. 
TaqMan PCR for amplification of T. gondii DNA from 
P. californicus tissues 
Primers and internal probe: For each target gene, 2 primers and an 
internal, fluorescent labeled TaqMan probe (5' end, reporter dye FAM 
[6-carboxyflourescein], 3' end, quencher dye TAMRA [6-carboxytetra-
methylrhodamine]) were designed using Primer Express software (Ap-
plied Biosystems, Foster City, California). One of the primers of each 
system spans an exon-exon junction (if available in the sequence; see 
Table I) to restrict the TaqMan PCR specificity to cDNA without de-
tecting genomic DNA contamination in the total RNA samples. TagMan 
PCR systems were validated as described previously (Leutenegger et 
aI., 1999), using 10-fold dilutions of cDNA testing positive for the target 
genes. The dilutions were analyzed in triplicate and a standard curve 
was plotted against the dilutions. The slope of the standard curve was 
used to calculate amplification efficiencies using the formula E = 
10'h - I. 
Sample collection and automated nucleic acid preparation: Tissue 
biopsies weighing 100 mg were collected in 500 ILl of stabilization 
solution (nucleic acid purification lysis buffer; Applied Biosystems) and 
stored at -20 C until processed. Proteinase K and 2, 4-mm diameter 
stainless steel grinding beads (SPEX CertiPrep, Metuchen, New Jersey) 
were added and the tissues homogenized in a GenoGrinder2000 (SPEX 
CertiPrep) for 2 min at 1,000 strokes per min. Protein digest was done 
at 56 C for 30 min followed by a 30-min period at -20 C to reduce 
foam and precipitate RNA. Total RNA was extracted from the tissue 
Iysates using a 6100 automated nucleic acid workstation (Applied Bio-
systems) according to the manufacturer's instructions. 
RT-reaction and real-time TaqMan peR: Complementary DNA 
(cDNA) was synthesized from DNase-digested total RNA using 100 
units of SuperScript III, 600 ng of random hexadeoxyribonucleotide 
primers (random hexamer primer), 10 U of RNaseOut (RNase inhibi-
tor), and I mM dNTPs (all Invitrogen, Carlsbad, California) in a final 
volume of 40 ILl. The reverse transcription reaction proceeded for 120 
min at 50 C, and it was terminated by heating for 5 min to 95 C. 
Samples were cooled on ice, and 60 ILl of water was added to each 
well. Each PCR reaction contained 20X primer and probes for the re-
spective TaqMan system, with a final concentration of 400 nM for each 
primer and 80 nM for the TaqMan probe. The commercially available 
PCR mastermix (TaqMan Universal PCR Mastermix; Applied Biosys-
terns) contained 10 mM Tris-HCI, pH 8.3, 50 mM KCI, 5 mM MgCI2 , 
2.5 mM deoxynucleotide triphosphates, 0.625 U of AmpliTaq Gold 
DNA polymerase per reaction, 0.25 U of AmpErase micrograms per 
reaction, and 5 ILl of the diluted cDNA sample in a final volume of 12 
ILL The samples were placed in 384-well plates and amplified in an 
automated fluorometer (ABI PRISM 7900 HTA FAST; Applied Bio-
systems). ABI's standard amplification conditions were used: 2 min at 
50 C, 10 min at 95 C, 40 cycles of 15 sec at 95 C, and 60 sec at 60 
C. Fluorescent signals were collected during the annealing temperature, 
and CT values were extracted with a threshold of 0.04 and baseline 
values of 3-15. For stronger signals, the baseline was adjusted manually 
to 3-10. Rat glyceraldehyde 3-phosphate dehydrogenase (GAPDH) 
gene (catalog no. RN99999916-s1; Applied Biosystems) was amplified 
to verify the extraction protocol and to normalize the target gene CT 
values. Samples with negative GAPDH values were repeated. 
Relative quantitation of gene transcription: Final guantitation was 
done using the comparative CT method (User Bulletin #21 Applied Bio-
systems), and results are reported as relative transcription or the n-fold 
difference relative to a calibrator eDNA, i.e., lowest target gene tran-
scription. In brief, the housekeeping gene GAPDH was used to nor-
malize the CT values of the target genes (~CT). The ~CT was calibrated 
against the weakest signal within each target gene. The linear amount 
of·target molecules, relative to the calibrator, was calculated by 2-~~Ct. 
Therefore, all gene transcription is expressed as an n-fold difference 
relative to the calibrator. 
Nested PCR for amplification of the T. gondii 81 gene from 
P. californicus tissues 
Extraction of DNA from tissues: DNA was extracted from murine 
tissues using the DNeasy® extraction kit (QIAGEN, Valencia, Califor-
nia). Tissue weighing 20 mg was suspended in 180 ILl of ATL buffer 
and treated with 40 ILl of proteinase K. After vortexing, samples were 
incubated at 55 C for 2-3 hr or overnight. The remainder of the protocol 
followed the manufacturer's instructions, with the following modifica-
tion for the final step. Before the final centrifugation in the DNeasy 
mini spin column, 75 ILl of 95 C PCR-grade water was added to the 
spin column. Then, the samples were incubated for I min at room tem-
perature and centrifuged at 14,000 rpm in an Eppendorf microcentrifuge 
for 2 min to elute the DNA. 
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DNA amplification: A hemi-nested conventional PCR for the T. gon-
dii Bl gene was used (Burg et al .• 1989). The product of the first round 
of amplification (primers Tl and T4) is 193 bp, and the second round 
of amplification (primers T2 and T4) results in a 133-bp product. Each 
50eILI reaction contained 1 X PCR buffer, 2 mM MgCI2, 0.2 mM dNTPs, 
and 400 nM forward and reverse primers (Invitrogen), 1 U of Taq poly-
merase (Applied Biosystems), and 5 ILl of DNA template. Thirty cycles 
of amplification were performed in a GeneAMP 2400 thermocycler 
(Perkin-Elmer, Norwalk, Connecticut) for both inner and outer reac-
tions. Each reaction consisted of 3 min of pre-PCR incubation at 94 C 
followed by 30 cycles of I-min denaturation at 94 C, 15 sec of an-
nealing at 60 C, and a 45-sec extension at 72 C. The post-PCR extension 
step continued for 4 min at 72 C. When the reaction was complete, 
samples were maintained at 4 C. 
Visualization of DNA by gel electrophoresis: Ten microliters of the 
PCR product was electrophoretically separated on a 2% agarose gel 
stained with ethidium bromide and visualized under UV light. Product 
size was verified against a 100-bp ladder on each gel. Positive controls 
consisted of brain tissue from P. califomicus experimentally infected 
with T. gondii tachyzoites and culture-derived T. gondii tachyzoites. 
Negative controls consisted of sterile deionized water and brain tissue 
from P. califomicus experimentally infected with S. neurona. 
Data analysis 
Outcomes (dead or alive) were compared using Fisher's exact test 
(2-sided) for strain (Type II or X) and dose (100 or 10,000 tachzoites). 
Serologic titer values were natural log-transformed, and their distribu-
tion was tested for normality by generating a probability plot and eval-
uating the Anderson-Darling statistic. Serologic titers for anti-Pero-
myscus and anti-mouse secondary antibody were compared at the 27-
day time point with the Student's t-test. If there was no statistically 
significant difference in titers for the 2 types of antibody, results of both 
tests were incorporated into t-tests to evaluate the difference in mean 
titer for T. gondii Type II versus X, and high (10,000 tachyzoites) versus 
low (100 tachyzoites) dose. Statistical analyses were done in SAS, ver-
sion 9.1 (SAS Institute, Cary, North Carolina) and MINITAB Release 
14.2, and were values considered significant if the P value was <0.05. 
RESULTS 
Both P. californicus mice inoculated with 104 tachyzoites of 
the Type X strain of T. gondii died, the first at 15 DPI and the 
second at 22 DPI. The first mouse exhibited mild respiratory 
distress 2-4 hr before death, and the second mouse had no 
observable clinical signs. All 6 surviving T. gondii-infected 
mice had no clinicai signs. Results of serology, parasite isola-
tion, IRe, and 2 peR methods for detection of parasites in 7 
tissues are summarized in Table II. All surviving mice had de-
tectable antibodies to T. gondii in the IFAT by 27 DPI, and they 
developed high IFAT titers of 81,920 by 7 wk PI. Both mice 
that died also had antibody titers detectable by IFAT at the time 
of death. None of 4 S. neurona-infected mice housed in the 
same room developed T. gondii antibodies. 
The Fisher's exact test for survival (or not) versus T. gondii 
strain or dose was not significant, as expected for this small 
sample size. The log transformation of the 4-wk serologic titer 
fit a normal distribution. Tests for differences in geometric 
mean titer between anti-Peromyscus and anti-mouse antibody 
were not significantly different, so both values were incorpo-
rated into t-test comparisons of titers for T. gondii strain and 
dose. Neither test yielded statistically significant results (P = 
0.56 for both tests). 
Toxoplasma gondii parasites were seen in 6 of 8 cultures 
prepared from brain material of infected mice (Table II). One 
of the 2 mice that were negative in tissue culture received the 
lower dose (102 tachyzoites) of Type II, and its brain was neg-
ative on IRe, despite having a titer of 81,920. The other mouse 
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TABLE II. Identification of Toxoplasma gondii in experimentally infected Peromyscus californicus mice based on antibody detection, in vitro 
parasite isolation, IHC, and DNA amplification by TaqMan or conventional nested PCR. 
IFAT witb IFAT witb 
anti-Po leucopus anti-mouse 
Titert Titer Titer Titer Brain 
Detection of parasites (IHCfTaqMan PCR/conventional nested PCR) 
ID Dose Type* 27 DPI 41 DPI 27 DPI 41 DPI culture Brain Heart Lung Liver Spleen Tongue Biceps 
It 102 X 81,920 81,920 20,480 40,960 + +I+I+§ -1+1+ -1+1+ -1+1+ +1+1+ -1+1- -1-1-
2 102 X 20,480 81,920 20,480 20,480 + +1+1+ -1+1- +1-1- -1-1- +1-1+ -1+1+ -1-1-
411 104 X 5,120 ND# 2,560 ND +1+1+ +1+1+ +1+1+ +1+1+ +1+1+ -1+1+ -1+1-
511 104 X 160 ND 40 ND + +INDIND +INDIND +INDIND +INDIND +INDIND +INDIND +INDIND 
3 102 II 5,120 81,920 320 81,920 + +1+1+ -1+1+ +1+1+ -1+1+ +1+1+ -1+1+ -1+1+ 
7 102 II 640 81,920 80 81,920 -1+1+ -1+1+ -1+1+ -1+1- +1+1+ -1+1+ -1+1+ 
8'1l 104 II 40,960 81,920 2,560 81,920 + -1+1- -1+1- -1+1- -1+1- +1+1+ +1+1+ -1+1-
9'1! 104 II 40,960 81,920 2,560 81,920 + +1+1+ +1+1+ +1+1+ -1+1+ +1+1+ -1+1+ -1+1-
* T. gondii type II and X tachyzoites isolated in vitro from the brain tissue of naturally infected southern sea otters (Enhydra tutris nereis). 
t Titer is the reciprocal of endpoint dilution. 
:j: Mice were killed 41 DPI unless noted otherwise. 
§ IHC result (positive or negative)fIaqMan Bl PCR result (positive or negative)IBl nested PCR result (positive or negative). 
II Mice 4 and 5 died 22 DPI and 15 DPI, respectively. They were refrigerated at 4 C and necropsied 3 days postmortem. Pericardial fluid was collected at necropsy 
for antibody testing. 
# Not done. 
'I[ Blood from mice 8 and 9 was accidentally pooled. 
with negative tissue culture results died at 22 DPI after receiv-
ing the higher dose (104 tachyzoites) of Type X, but it had 
parasites detectable by IHe in its brain. The second fatally in-
fected mouse had positive results for both tissue culture and 
IHe. Toxoplasma gondii DNA was detected by peR in at least 
4 tissues from the 6 surviving T. gondii-infected mice. The 
TaqMan Bl gene peR detected parasites in 717 samples from 
brain, heart, and biceps muscle; 617 samples from lung, liver, 
and spleen; and 517 tongue samples (Table II). The Bl gene 
hemi-nested peR detected parasites in 717 spleen samples, 617 
samples from brain and tongue, 517 samples from heart and 
lung, 417 liver samples, and 217 biceps muscle samples (Table 
II). All mice had parasites detectable by IHe in their spleens, 
6/S in the brain, 5/S in the lung, and 3/S in the heart (Table II). 
The area of the brain where organisms were most frequently 
observed was the cerebrum (6/S). Tissues where parasites }Vere 
less likely to be observed by IHe or were not seen included 
liver and tongue (2/S) and biceps muscle (O/S). For the 3 tech-
niques combined, 21 (95%) of 22 spleen and 19 (S6%) of 22 
brain samples tested positive for T. gondii parasites. 
DISCUSSION 
. ' 
Six of S experimentally infected P. californicus mice sur-
vived T. gondii infection with no apparent harmful sequelae. 
Both mice that developed fatal infections were infected with T. 
gondii Type X at the higher dose. These results suggest that T. 
gondii Type X may be more pathogenic for P. californicus, but 
our small sample size was insufficient to test this hypothesis. 
Assuming all (99% for purposes of calculation) of mice infected 
with Type II survived and 50% or 75% of mice infected with 
Type X survived, then a sample size of 12 or 30 mice allocated 
to each strain, respectively, would be required to detect statis-
tically significant differences between strain lethality (MINI-
TAB Release 14.2). Infection with T. gondii Type X has been 
associated with cause-specific mortality due to toxoplasmic me-
ningoencephalitis in southern sea otters, although this finding 
was also not statistically significant (Miller et aI., 2004). 
Serologic titers did not differ significantly for the 2 types of 
secondary antibody, although at the 27-day time point the anti-
Peromyscus secondary antibody tended to yield higher titers, 
differing by up to 4 dilutions (Table II). For 95% confidence 
and SO% power, a sample size of 43 per group would be needed 
to detect a mean difference between titers of 640 and 2,560; 
and a sample size of 20 per group to detect a mean difference 
between titers of 640 and 5,120 (MINITAB Release 14.2). 
Funding for this project was insufficient to achieve this sample 
size. 
The hemi-nested conventional peR and IHe detected T. gon-
dii parasites most frequently in spleen tissue, whereas TaqMan 
peR was most sensitive in brain, heart, and biceps muscle. Our 
results suggest that brain and spleen samples are most likely to 
yield positive results in field studies of P. californicus. An ear-
lier study of T. gondii tissue tropism in oocyst-inoculated lab-
oratory mice, using mouse bioassay to detect the presence of 
T. gondii parasites from 4 different strains, found the brain to 
be the most frequently parasitized organ 62 to 130 days PI 
(Dubey, 1997). In the current study, IHe demonstrated that T. 
go~dii parasites were most likely to be detected in the cere-
brum. A recent study (Vyas et al., 2007) showed more specif-
ically that T. gondii tissue cysts in rat and murine brain are 
most abundant in the amygdalae, structures located in temporal 
lobe of the cerebrum. Our hemi-nested peR was most success-
ful for spleen samples, but an earlier study (Dubey, 1997) de-
tected T. gondii infection only in spleens from mice infected 
with the VEG (Type II) strain. However, mice in the earlier 
study were maintained for ~20 day longer than the P. calif or-
nicus mice in the present study, and the parasites may have 
been cleared from the spleen by the time bioassay was per-
formed. Alternatively, peR may be more sensitive than mouse 
bioassay for spleen, because peR assay from the Bl gene has 
an analytic sensitivity of 2 tachyzoites in 200 fLl of serum (Haf-
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id et aI., 2001). A study in Manchester, U.K. (Marshall et aI., 
2004), where peR methods were used to detect T. gondii in-
fection in house mice, found an unusually high proportion 
(59%) of mice infected with T. gondii. The Manchester study 
demonstrates that peR is a useful tool for field investigations. 
Although IRe methods are capable of confirming infection with 
T. gondii because they use T. gondii-specific cyst wall antibod-
ies, peR techniques will continue to enhance the value of field 
studies. In addition to being highly sensitive, peR enables DNA 
sequencing so that T. gondii genotypes can be identified. 
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MOUSE-VIRULENT TOXOPLASMA GONDIIISOLATED FROM FERAL CATS ON 
MONA ISLAND, PUERTO RICO 
J. P. Dubey, H. Y. Lopez-Torres', N. Sundar, G. V. Velmurugan, D. Ajzenbergt, O. C. H. Kwok, R. HiII:j:, M. L. Dardet, 
and C. Su:j: 
U.S. Department of Agriculture, Agricultural Research Service, Animal and Natural Resources Institute, Animal Parasitic Diseases Laboratory, 
Building 1001, Beltsville, Maryland 20705. e-mail: jitender.dubey@ars.usda.gov 
ABSTRACT: Cats are essential in the life cycle of Toxoplasma gondii because they are the only hosts that can excrete the environmentally 
resistant oocysts. Samples of serum, feces, and tissues from cats from Mona, a remote island off the coast of Puerto Rico, were examined 
for T. gondii infection. Antibodies to T. gondii were assayed by the modified agglutination test and found in 16 of 19 (84.2%) of cats, 
with titers of 1:10 in 2, 1:80 in 1, 1:160 in 4, 1:320 in 3, and 1:1,280 or higher in 6. Tissues of 19 of the 20 cats were bioassayed in 
mice for T. gondii infection. Toxoplasma gondii was isolated from tissues of 12 cats: from the hearts of 9, skeletal muscle of 10, and 
brain of 1 cat. All infected mice from 10 of 12 isolates died of acute toxoplasmosis during primary infection. Genotyping of these 12 
T. gondii isolates (designated (TgCatPr 1-12) by 10 multilocus PCR-RFLP markers, i.e., SAGl, SAG2, SAG3, BTUB, GRA6, c22-8, 
c29-2, L358, PKl, and an apicoplast marker Apico, and the 6 multilocus microsatellite markers TUB2, W35, TgM-A, B18, B17, and 
M33, revealed 7 genotypes; 5 isolates had Type I alleles at all loci except at 1 microsatellite locus, and the remainder were atypical. 
The latter isolates of T. gondii were different biologically and phenotypically from the feline isolates from the rest of the Americas. 
One isolate (TgCatPr 12) was a mixed infection with 2 genotypes. 
Cats are essential in the life cycle of Toxoplasma gondii because 
they are the only hosts that can excrete the environmentally resis-
tant oocysts (Dubey and Beattie, 1988). Serological surveys of 
humans and other animals from geographically isolated islands 
lacking cats revealed a low level or absence of T. gondii infection 
(Wallace, 1969; Munday, 1972; Dubey et al., 1997), suggesting 
that T. gondii transmission may not be maintained in the wild 
when cats are not available as the definitive host. 
Toxoplasma gondii isolates have been classified into 3 ge-
netic types (I, II, III) based on restriction fragment length poly-
morphism (RFLP) (Howe and Sibley, 1995) and, until recently, 
T. gondii was considered to be clonal with low genetic vari-
ability. New studies, however, indicate geographic differences 
in biologic and genetic characteristics among isolates of T. gon-
dii (Ajzenberg et aI., 2004; Lehmann et al., 2006; Dubey, Ap-
plewhaite et al., 2007). In general, T. gondii isolates from Bra-
zil, Colombia, and French Guiana in South America, lacked the 
clonal Type II lineage and were atypical and virulent for mice. 
In contrast, T. gondii isolates from North and Central America 
were mostly Type II and were generally avirulent for mice 
(Dubey et aI., 2002; Dubey, Graham et al., 2004; Dubey, Par-
nell et aI., 2004; Dubey, Bhaiyat et aI., 2005; Dubey, Apple-
whaite et aI., 2007). Mona Island, an oceanic island off the 
coast of Puerto Rico, is geographically isolated from North and 
Central America. Here, we report that isolates of T. gondii from 
Mona Island are biologically and genetically different from the 
other strains reported from the Americas. 
MATERIALS AND METHODS 
Study site 
Mona Island is located in the Caribbean between the islands of Puerto 
Rico and La Hispaniola (18°05"N, 67°54°W). The island is mostly a flat 
Received 6 August 2007; revised 10 September 2007, 14 September 
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* Wildlife Division, Wildlife and Fisheries Bureau, Puerto Rico De-
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limestone platform, with a total area of approximately 55 km2; the plat-
form occupies nearly 90% of the island. The annual precipitation av-
erages 80 cm (Ewel and Whitmore, 1973) with annual temperature av-
eraging 26.4 C (Puerto Rico and U.S. Virgin Islands Climatology Cen-
ter, 2007). The vegetation of Mona Island is classified as a subtropical 
forest, with bushes and cacti as the predominant xerophytic flora. It has 
a high proportion of endemic species and subspecies, and supports sub-
stantial populations of other flora and fauna that have become rare and 
endangered on the Puerto Rican mainland (Wiewandt, 1977). 
In 1989, Mona Island was designated a nature reserve by the Puerto 
Rico Department of Natural and Environmental Resources (PR-DNER). 
Currently, Mona Island has no permanent residents, even though the 
PR-DNER rangers provide law enforcement and the PR-DNER wildlife 
biologists' unit and other educational entities perform a diversity of 
research. 
Naturally infected cats 
Invasive feral mammals, such as goats, pigs, mice, and rats, were 
introduced by explorers and colonizers beginning in the 16th century; 
feral cats are present, but the time of their introduction is unknown. 
The feline population was subjectively estimated at =200 animals (Wie-
wandt, 1977). The significant impact of feral cat predation over native 
and endemic fauna of worldwide oceanic islands and the information 
recorded on the ample diet of feral cats in Mona Island has induced the 
PR-DNER to implement a program for eradication of the extant feral 
cat population. The program was initiated in January 2003 as a man-
agement and conservation strategy to protect the unique fauna present 
on the island. Feral cats were captured in Hav-a-hart® (Red Hill General 
Store, Hallsville, Virginia) 2-door traps. Traps were located along the 
main road that extends from Playa Sardinera (at the southwest edge of 
the island) to El Faro (at the southeast edge of the island). Data (date, 
seX'; age, and trap location) of cats captured were recorded. Nineteen 
cats were trapped between January and September 2004 and 1 cat was 
trapped in May 2005. The geographic locations where the cats were 
captured included the following: plateau (Camino del Infiemo [4 cats] 
and lighthouse [1 cat]), and coastal lowland (CLL; CLL-Sardinera [3 
cats], CLL-Pista [3 cats], CLL-Uvero [4 cats], CLL-Mangrove [1 
cat], and CLL--Carabinero [4 cats]). There were 9 females and 11 
males, and 10 adults and 10 juveniles. The cats were killed with an 
overdose of CO2, Samples of brains, hearts, sera, tongues, and feces 
(from rectum) were transported by courier with cold packs from Mona 
Island to the Animal Parasitic Diseases Laboratory (APDL), Beltsville, 
Maryland, for T. gondii examination 5-7 days after necropsy. 
Serological examination 
Sera of cats were tested for T. gondii antibodies with the modified 
agglutination test (MAT) as described by Dubey and Desmonts (1987). 
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TABLE 1. Isolation of Toxoplasma gondii from cats from Mona Island, Puerto Rico.* 
Toxoplasma gondii 
Cat Sex, MAT Isolation in micet isolate designation 
no. age titer Heart Skeletal muscle 
3 M,A 160 1 (18):j: 4 
4 F,A 160 5 (17,17,19,19,19) 0 
5 M,K 80 0 5 (18,18,19,21,21) 
8 M,K 1,280 5 (18,18,18,21,21) 5 (15,16,17,18,18) 
12 M,A 1,280 5 (12,12,13,14,14) 5 (7,9,11,12,12) 
16 M,K 320 3 (18,19,25) 5 (19,21,21,22) 
18 M,K 1,280 0 3 (18,25,26) 
19 F,A 1,280 4 (17,18,18,18) 4 (16,16,18,18) 
20 F,K 1,280 0 4 
21 F,A 320 2 (18,23) 3 (17,18,18) 
22 F,A 1,280 1 (21) 1 (16) 
23 NR ND:j: 5 (14,15,15,15,18) 0 
* M = male, F = female, K = kitten, A = adult, ND = no data. 
t No. of mice infected with T. gondii of 5 mice inoculated with feline tissues. 
* Day of death of each mouse. 
Bioassay of feline tissues for T. gondii infection 
After results of serologic examination were available, tissues of 19 
of 20 cats were bioassayed for T. gondii infection in mice. Tissues of 
14 cats were bioassayed individually in outbred female Swiss Webster 
mice (Taconic Farms, Germantown, New York) as described by Dubey 
et ai. (2002). Each tissue (20-50 g) was individually homogenized, 
digested in acidic pepsin, neutralized, and washed (Dubey, 1998). The 
homogenate obtained was inoculated s.c. into 5 mice (Table I). Tissues 
from 5 cats (4 with titers of 1: 10 or less, and 1 without serum) were 
pooled and digested in pepsin; the homogenate was inoculated s.c. into 
5 mice. Tissues of 1 cat with a titer of < 1 : 10 were not bioassayed. The 
recipient mice were tested for T. gondii infection. Tissue imprints of 
brains or lungs of mice that died were examined for T. gondii tachy-
zoites or tissue cysts. Survivors were bled on day 40-42 PI and a 
1 :25 dilution of serum from each mouse was tested for T. gondii anti-
bodies with the MAT. Mice were killed 6 wk PI and brains of all mice 
were examined for tissue cysts as described (Dubey and Beattie, 1988). 
The inoculated mice were considered infected with T. gondii when ta-
chyzoites or tissue cysts were found in tissues. 
Bioassay of feline feces for T. gondii 
Feces collected from the rectum of 6 cats (5 had MAT titer of }:80 
or higher and 1 had a titer of < 1 : 10) were floated in sugar solution' 
(specific gravity 1.18), examined microscopically for oocysts, mixed 
with 2% sulfuric acid, and then aerated on a shaker for 1 wk. After 
neutralization, the samples were bioassayed in mice as described (Dub-
ey, Hill et aI., 2005). 
Oocyst shedding by cats fed mice infected with mouse-virulent 
strains of T. gondii from Mona Island M ' 
Until recently, there was concern regarding the existence of Type I 
T. gondii strains circulating in nature in the absence of oocyst shedding, 
because mice infected with these strains can die acutely before tissue 
cysts are easily recognized (see Dubey et al., 2002). Seven isolates, 
virulent for mice, were used to obtain oocysts. Tissues of acutely in-
fected mice that died or were killed within 28 days after inoculation 
with feline tissues or subpassage in mice (Table I) were fed to 7 T. 
gondii-free cats to collect oocysts of the most pathogenic strains of T. 
gondii from Mona Island. 
Genetic characterization 
Toxoplasma gondii DNA was extracted from the tissues of infected 
mice from each isolate and strain typing was performed using 10 PCR-
RFLP markers-SAG 1 , SAG2, SAG3, BTUB, GRA6, c22-8, c29-2, 
L358, PKl, and Apico (Dubey, Patitucci et al., 2006; Su et al., 2006; 
Brain Tongue Isolate 
0 ND TgCatPrl 
0 ND TgCatPr2 
0 ND TgCatPr3 
0 ND TgCatPr4 
5 (13,15,15,16,16) ND TgCatPr5 
0 5 (17,17,19,19,19) TgCatPr6 
0 0 TgCatPr7 
0 0 TgCatPr8 
0 0 TgCatPr9 
0 1 (18) TgCatPrlO 
0 0 TgCatPrll 
0 TgCatPr12 
Dubey, Sundar, Gennari et aI., 2007; Dubey, Sundar, Nolden et aI., 
2007)-and 6 microsatellite markers in a multiplex assay associating 
TUB2, W35, TgM-A, B18, B17 (Ajzenberg et al., 2005), and M33 
located on chromosome IV. The primer sequences of the microsatellite 
marker M33 were described by Blackston et al. (2001). The forward 
primer of M33 was labeled at its 5' end with 2,7',8'-benzo-5'-fluoro-
2'.4,7-trichloro-5-carboxyfluorescein (NED). Both M33 primers were 
added in the multiplex mix at the same concentration of TUB2, W35, 
TgM-A, B18, and B17 primers with the PCR cycling conditions de-
scribed by Ajzenberg et al. (2005). 
RESULTS 
Antibodies to T. gondii were found in 16 of 19 (80.4%) cats, 
with titers of 1:10 in 2, 1:80 in 1, 1:160 in 4, 1:320 in 3, and 
1:1,280 or higher in 6. Toxoplasma gondii was isolated from 
12 of the 14 cats whose tissues were bioassayed individually, 
i.e., from the hearts of 9, skeletal muscle of 10, and the brain 
of 1 cat (Table I). Toxoplasma gondii isolates from 10 of the 
12 infected cats from Mona Island were lethal for mice; all 
infected mice died of acute toxoplasmosis within 26 days PI 
(Table I). The isolate from cat 20 was nonpathogenic for mice. 
The mice inoculated with skeletal muscle of cat no. 3 remained 
asymptomatic, whereas the mouse inoculated with the heart of 
the same cat died of toxoplasmosis (Table I). Most of these 
infected mice died of pneumonia around 18 days PI and tachy-
zoites were seen in smears made from their lungs. The T. gondii 
isolates were designated as TgCatPrl-12 (Table I). 
Cats fed tissues of mice infected of the 7 pathogenic isolates 
(TgCatPr1, TgCatPr2, TgCatPr3, TgCatPr4, TgCatPr6, Tg-
CatPr7, and TgCatPrlO) shed millions of T. gondii oocysts. 
Toxoplasma gondii was not isolated from tissues from the 5 
cats whose tissues were pooled for bioassay in mice, or from the 
feces of 6 cats. Genotyping of the 12 T. gondii isolates revealed 
7 genotypes (Table IT). Genotype no. 1 had 5 isolates (TgCatPr1, 
2, 3, 4, 10) that had the Type I alleles at all loci except at 1 
microsatellite marker, B17; they belong to the clonal Type I lin-
eage and are variants of the reference Type I GT1 strain. Genotype 
no. 2 had 2 isolates (TgCatPr5 and 11) that had atypical genotypes. 
Genotypes nos. 3, 4, 5, and 6 each had 1 isolate and all the isolates 
TABLE II. Genotyping of Toxoplasma gondii isolates from cats from Mona Island, Puerto Rico.* 
Genetic markers 
Toxoplasma (oj' + 3') 
Genotypes gondii isolate SAG! SAG2t SAG2:j: SAG3 BTUB GRA6 c22-8 c29-2 L358 PKl Apico TUB 2 W35 TgM-A BI8 
Reference GTl I 1.3 
Reference PTG II or lIP II II II II II II II II II II 2.3 2.3 2 2 
Reference CTG II or III III III III III III III III III III III 2.3 2.3 3 1.3 
Reference COUGAR I II II III II II II u-I u-2 2.3 2.3 3 2 
Reference MAS u-I II III III III u-I I III 2.3 3 4 
Reference TgCatBr5 I III III III III III I I u-I 2.3 3 1.3 
No. I TgCatPri I I' I I I I ND 1.3 
No. I TgCatPr2 I I I I ND 1.3 
No. I TgCatPr3 I I I I ND 1.3 
No. I TgCatPr4 I I I I I I I ND 1.3 
No.2 TgCatPr5 II II II II II II II III II ND 2.3 4 2 4 
No.3 TgCatPr6 II II III II III ND I 4 I 4 
No.4 TgCatPr7 II II II II II II II III II ND 2.3 4 2 4 
No.5 TgCatPr8 I III III III III I III III ND 2.3 10 1.3 
No.6 TgCatPr9 III III III III III III III III 2.3 2.3 3 9 
No. I TgCatPrlO I I I I I I 1.3 
No.2 TgCatPr1I II II II II II II II III II ND 2.3 4 2 4 
No.7 TgCatPr12 II I II II II II nd I, III I, II ND I and 2.3 I and 4 I and 2 1.3 and 4 
* ND = no data, 1.2 means that types I and II share the allele, 1.3 means that types I and III share the allele; allele 2.3 means that types II and III share the allele. 
t The SAG2 marker based on 5'- and 3'-end DNA sequence polymorphisms of SAG2 gene (Howe et aI., 1997). 
:j: The SAG2 marker developed recently based on 5'-end DNA sequence of SAG2 gene is able to identify additional alleles often seen in atypical T. gondii strains (Su et aI., 2006). 
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were atypical genotypes. Genotype no. 7 (TgCatPr 12) was atyp-
ical and was a mixed infection with 2 genotypes. 
DISCUSSION 
Toxoplasma gondii is an unusual parasite because of its broad 
host range and because it is the only species in the genus. Prior 
to the development of genetic markers, T. gondii isolates were 
grouped by their virulence to outbred mice (Darde et aI., 1992; 
Howe et aI., 1996). Based on RFLP, Howe and Sibley (1995) 
classified T gondii into 3 genetic types (I, II, III) and linked 
mouse-virulence to genetic type. They proposed that Type I 
isolates were 100% lethal to mice, irrespective of the dose, and 
that Types II and III generally were avirulent for mice (Howe 
et aI., 1996). Furthermore, until recently, T. gondii was consid-
ered to be clonal, with low genetic variability, and strains iso-
lated from asymptomatic hosts were considered avirulent. How-
ever, recent studies have indicated that most T. gondii isolates 
from asymptomatic chickens from Brazil and Colombia in 
South America were virulent for mice and were nonclonal; 
Type II was absent and there was marked genetic variability 
(Dubey et al., 2002; Lehmann et aI., 2006). Similar results were 
obtained when these studies were extended to dog and cat tis-
sues from Brazil and Colombia (Dubey, Navarro et aI., 2004; 
Dubey, Su, Cortes et aI., 2006; Pena et al., 2006; Dubey, Cor-
tes-Vecino et al., 2007; Dubey, Gennari et al., 2007), and from 
the People's Republic of China (Dubey, Zhu et al., 2007), Sri 
Lanka (Dubey, Rajapkse et aI., 2007), and Vietnam (Dubey, 
Huong et al., 2007). In humans in French Guiana and Suriname, 
severe cases of toxoplasmosis in immunocompetent patients 
have been related to mouse-virulent T. gondii strains with atyp-
ical genotypes (Ajzenberg et al., 2004; Demar et aI., 2007). 
In contrast to isolates from South America, most T. gondii 
isolates from humans and other animals from the United States 
and Europe are Type II, and avirulent for mice (Howe and Sib-
ley, 1995). Among the many-hundred isolates of T. gondii ob-
tained from asymptomatic and sick animals in the United States 
in the laboratory of one of us (1.P.D.), only a few (GTI from 
a goat and CTI from a cow) were Type I and mouse-virulent 
(1. Dubey, unpubI. obs.). It is noteworthy that 5 of the 12 jso-
lates from cats on the Mona Island were variants of Type I and 
most isolates were mouse-virulent. It is also of interest that not 
all mice infected with T. gondii isolate TgCatPrI from cat no. 
3 died of toxoplasmosis. One of the 5 mice inoculated with 
heart from cat no. 3 became infected and died of toxoplasmosis 
on day 18 PI; this isolate was a variant of Type I. However, 4 
of the 5 mice inoculated with skeletal muscle of the cat became 
infected with T. gondii, but remained asymptomatic. Unfortu-
nately, T. gondii from this source was not saved for genotyping. 
These results suggest that this cat had an infection with 2 dif-
ferent T. gondii genotypes, that the variant of Type I strain was 
not fatal to all mice, or that the inoculum size in the heart and 
the skeletal muscle was different. Recently, 2 different geno-
types were obtained from the heart and brain of a dog (Dubey, 
Rajapakse et al., 2007). 
Circumstantial evidence suggests that certain genetic types of 
T. gondii may be associated with clinical ocular toxoplasmosis in 
humans (Khan et al., 2005, 2006). It has been suggested that Type 
I isolates or recombinants of Types I and III are more likely to 
result in clinical toxoplasmosis (see Khan et al., 2005, 2006 and 
references therein), but genetic characterization has been limited 
essentially to isolates from patients ill with toxoplasmosis. There 
is very little information regarding the genetic diversity of T. gon-
dii' isolates circulating in the general human population. In the 
current study, 10 of the 12 isolates from clinically normal cats 
from Mona Island harbored mouse-virulent T. gondii. Therefore, 
we must be cautious in claiming a linkage between parasite ge-
notypes and disease presentations without clear and discerning in-
formation regarding the parasite's biology in the human population 
and environment. 
In the present study, T. gondii was isolated from the hearts 
of 9, skeletal muscles of 10, but brain of only 1 of the 12 
infected cats. Toxoplasma gondii was considered to have an 
affinity for encystment in neural tissue but this assumption is 
based on infections in mice. Our results support the hypothesis 
that T. gondii is not neurotropic in cats (Dubey, Navarro et al., 
2004; Dubey, Su, Cortes et al., 2006). 
Although T. gondii can be transmitted by many modes of 
infection, cats are considered essential in its life cycle in nature 
(Dubey, 2007). Virtually all cats that ingest T. gondii-infected 
tissues shed oocysts, irrespective of the genotype. The results 
of the present study confirm our earlier observations of shed-
ding of oocysts by cats fed tissues of mice infected with Type 
I strains (Dubey et aI., 2002; Dubey et al., 2003; Dubey, Su, 
Oliveira et al., 2006). 
Genotyping of the 12 isolates of T. gondii from Mona Island 
identified 7 genotypes. Genotype no. 1 has 5 isolates that have 
Type I alleles at all loci except at 1 micro satellite locus, sug-
gesting that this genotype belongs to the clonal Type I lineage. 
A comparison with previous studies on T. gondii isolates from 
North and South America indicates that genotypes nos. 2 to 6 
of Mona Island cat isolates are genetically unique. At least 1 
isolate (TgCatPr12) had an infection with 2 genotypes. 
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SEROPREVALENCE OF TOXOPLASMA GONDIIIN MESOCARNIVORES OF 
THE CANADIAN PRAIRIES 
Y. T. Hwang, J. A. Pitt*, T. W. Quirkt, and J. P. Dubey:j: 
Department of Biology, University of Western Ontario, 1151 Richmond Street, London, Ontario N6A 5B7, Canada. 
e-mail: jitender.dubey@ars.usda.gov 
ABSTRACT: The protozoon Toxoplasma gondii has a worldwide distribution and affects many species of warm-blooded animals. 
In the Canadian prairies, mesocamivores such as striped skunks (Mephitis mephitis) and raccoons (Procyon lotor) have experi-
enced an increase in density and distribution, and they are in close contact with human dwellings. However, there has been no 
systematic study on the seroprevalence of T. gondii in these mesocamivore populations. The objectives of the current project 
were to determine the serum antibody prevalence of T. gondii in Canadian prairie mesocamivores and to study the relationship 
between antibody prevalence and species, sex, age, location, and year of collection. Antibodies to T. gondii were found in 5 of 
24 (20.8%) skunks from Saskatchewan trapped in 1999 and 5 of 40 (12.5%) in 2000. Seroprevalences for T, gondii in raccoons 
and skunks trapped in Manitoba were 2 of 10 (20%) raccoons trapped in 2002, 7 of 44 (15.9%) trapped in 2003, and 16 of 37 
(43.2%) trapped in 2004; and in 13 of 99 (13.1 %) skunks trapped in 2003, 29 of 131 (22.1 %) trapped in 2004, 53 of 165 (32,1 %) 
trapped in 2005, and 30 of 51 (58.8%) trapped in 2006. Age, location, and year, but not the host species, were important variables 
in the determining the seroprevalence of T. gondii in skunks and raccoons. Results confirm that T. gondii is endemic in the skunk 
and raccoon populations in the Canadian prairies. 
Toxoplasma gondii has a wide geographical distribution and 
affects many species of warm-blooded mammals and birds 
(Dubey and Beattie, 1988), Little is known of the prevalence 
and epidemiology of T. gondii in wild animals in Canada. In 
the Canadian prairies, mesocarnivores such as striped skunks 
(Mephitis mephitis) and raccoons (Procyon lotor) have experi-
enced an increase in density and distribution due to their pos-
itive association with human activities (Lariviere, 2004; Hwang 
et aI., 2007). Striped skunks and raccoons are both omnivores 
that feed on animal and plant materials such as small verte-
brates, invertebrates, berries, and bird eggs (Wade-Smith and 
Verts, 1982; Zeveloff, 2002). Both species have a very close 
association with human habitation, and they have been dem-
onstrated to use human dwellings and farmsteads extensively 
in the prairies (Pitt et aI., 2006; Hwang et al., 2007). Further-
more, along with human habitation, the feral cat population in 
the prairies also has increased, Because cats are able to transmit 
the parasite to other animals through their feces, the potential 
for cross-transmission of T. gondii from cats to the mesocar-
nivore community is high. 
Moreover, both species of mesocarnivore are important fur-
bearers in Canada, and they are trapped for fur in early winter: 
With hunters and trappers handling the carcasses of these ani-
mals, there is potential for zoonotic infection with T. gondii. 
As yet, there has been no systematic survey of the seropreva-
lence of T. gondii in skunk and raccoon populations in Canada, 
The objectives of the current project were to determine the se-
rum antibody prevalence of T. gondti' in striped skunks and 
raccoons and to study the relationship between antibody prev-
alence and species, sex, age, location, and year of collection. 
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MATERIALS AND METHODS 
Study sites 
Trapping was conducted in the aspen parkland region of southeastern 
Saskatchewan, and south-central Manitoba, Canada. The Saskatchewan 
study site encompassed 150-km2 area, and it is located approximately 
24 km west from Yorkton (51°16'N, 102°28'W), near the village of 
Willowbrook. The Manitoba study site is situated by Minnedosa, Man-
itoba (500 54'14"N, 99°30'50"W) with the trapping grid being approx-
imately 80 km2. The landscape is gently undulating to rolling plain of 
glacial deposits, with well-drained black soil interspersed with numer-
ous permanent and seasonal wetlands. The region has lost most of its 
native vegetation due to extensive cultivation for crop production. Small 
stands of trembling aspen (Populus tremuloides), balsam poplar (Pop-
ulus balsamifera), and willows (Salix spp.) can be found on moist and 
wet sites around wetlands and streams, The area is farmed intensively 
for cereal crops (wheat, oats, and barley), and oilseed crops (canola and 
flax); it also has livestock production. 
Skunks and raccoons 
Striped skunks and raccoons were captured in opaque plastic live 
traps (Dura-poly livetrap®, Bert "Ram" Trap Ltd., Birtle, Manitoba, 
Canada) and mesh-wire live traps (Billman Supplies, Columbus, Ohio) 
from 1999 to 2005. Sex and age Guvenile and adult) were recorded at 
capture. Traps were baited with canned cat food and sardines. Juveniles 
were distinguished from adults by examining tooth wear and body mass 
for skunks and by tooth wear only for raccoons (Grau et al., 1970; 
Wade-Smith and Verts, 1982; Zeveloff, 2002). Juvenile skunks were 
determined to be <2.5 kg for females and <3 kg for males. 
At each capture, animals were anesthetized using an intramuscular 
injection of Telazol® (Fort Dodge Animal Health, Fort Dodge, Iowa) 
(Lariviere and Messier, 1996; Pitt et aI., 2006). Blood was collected 
from dipping into the quick of a hind foot toenail. Blood samples were 
kept cool until they were centrifuged to separate the blood sera from 
blood cells. Blood sera were then frozen until they were transported to 
the U,S. Department of Agriculture's Beltsville, Maryland, laboratory 
for T. gondii evaluations. Blood samples of raccoons and skunks in 
Manitoba were collected from 2001 to 2005, whereas blood samples of 
skunks in Saskatchewan were collected from 1999 to 2000. In total, 
blood samples were obtained from 64 striped skunks (35 males, 29 
females) from Willowbrook, Saskatchewan, and 91 raccoons (58 males, 
33 females) and 360 striped skunks (181 males, 179 females) from 
Minnedosa, Manitoba. 
Serological examination for T. gondii 
Blood sera from skunks and raccoons were diluted 2-fold starting at 
1: 10 dilution and assayed for T. gondii antibodies with the modified 
agglutination test (MAT) as described in Dubey and Desmonts (1987). 
Sera that agglutinated the antigen suspension at a serum dilution of 
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:0.1 :25 were considered indicative of previous natural exposure to T. 
gondii. 
Statistical evaluation 
For all species, a generalized linear model was used to determine 
whether there was significant dependence of serologic test results on 
the variables of species, age, sex, location, and year of collection using 
forward stepwise regression (SPSS, version 13.0; SPSS Inc., Chicago, 
Illinois). Serologic test result is a binary response variable. Age was 
grouped into 2 classes, juvenile and adult, and analyzed as a categorical 
variable. Species (skunks and raccoons), sex, and geographic location 
(Saskatchewan and Manitoba) were treated as categorical variables. The 
year of collection was treated as a continuous variable. All main and 
interactive effects were examined. 
RESULTS 
Antibodies to T. gondii were found in 5 of 24 (20.8%) skunks 
from Saskatchewan trapped in 1999 and 5 of 40 (12.5%) skunks 
in 2000 (Fig. 1). In the raccoon populations, seropositive results 
for T. gondii were 2 of 10 (20%), 7 of 44 (15.9%), and 16 of 
37 (43.2%) in 2002, 2003, and 2004, respectively. In the same 
location, the skunk populations mORi1ored from 2003 to 2006 
had seroprevalence of 13 of 99 (13.1 %), 29 of 131 (22.1 %), 53 
of 165 (32.1 %), and 30 of 51 (58.8%), respectively (Fig. 2). 
Age, location, age, sex, and year were found to be important 
variables in the fitted model (see model summary in Table I). 
Serologic results seemed not to be influenced by species. High-
er proportions of the adult population for both species have 
higher prevalence for T. gondii. It seemed that serologic results 
are dependent on year of collection, with 2004, 2005, and 2006 
having higher prevalence of T. gondii in Manitoba. Further-
more, mesocamivore populations in Manitoba tend to have 
higher seroprevalence of T. gondii than those in Saskatchewan. 
Serologic results were heavily dependent on age and year of 
collection; both have an odds ratio of greater than I, whereas 
location and age X sex have less effect on serologic results, 
because they both have odds ratios < 1. 
Adults had a higher seroprevalence of T. gondii than juvenile 
for both skunks and raccoons (F1•12 = 9.47, P = 0.01). There 
were no significant differences in seroprevalences between spe-
cies (F1•12 = 0.75, P = 0.40) or species versus age (F1•12 = 
0.015, P = 0.90). In 1999 during a rabies epizootic in Saskatch-
ewan, 4 of 24 (16.7%) adult skunks had a higher seroprevalence 
than I of 24 (4.2%) juvenile skunks. In 2000, both adult and 
juvenile skunks had a similar seroprevalence of 5% (2 of 40) 
and 7.5% (3 of 40), respectively. Adult skunks in Manitoba had 
significantly higher seroprevalence of T. gondii than juvenile 
skunks in all year (see summary in Table II). Similarly, adult 
raccoons had higher seroprevalence than juveniles all year. 
DISCUSSION 
The source of T. gondii exposure for mesocamivore species 
in the Canadian prairies is likely feral cats. In the rural prairies, 
feral and domestic cats are common around farmsteads and oth-
er anthropogenic features. In most areas, contact is facilitated 
between cats and mesocamivore populations through shared 
feeding areas at farmsteads and common resting sites in out-
buildings. Because cats infected with T. gondii are able to shed 
oocysts in their feces, skunks and raccoons could be exposed 
via ingestion of food or water contaminated by felid feces. 
Skunks and raccoons could also be exposed to T. gondii through 
consumption of tissues of prey or carrion that had been previ-
ously infected (Smith and Frenkel, 1995). Currently, methods 
are not available to distinguish oocysts versus tissue cyst-ac-
quired T. gondii infections. 
Manitoba had a higher T. gondii prevalence than did Sas-
katchewan. This difference could be due to a lower density 
skunk population in Saskatchewan in 1999 and 2000 where the 
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population was experiencing a rabies epizootic (Y. Hwang, un-
pub!. obs.). During the initial epizootic of rabies in the skunk 
population in the autumn (from September to December) of 
1999, there were 1.2 skunkslkm2 ; however, with low survival, 
the population density decreased to 0.4 skunklkm2 in the sum-
mer (from May to August) of 2000. The Manitoba skunk pop-
ulation gradually increased from 0.8lkm2 in the spring of 2003 
to l.4lkm2 in the autumn of 2005 when the population again 
decreased to 0.8 skunkslkm2 in spring 2006. Furthermore, the 
mesocarnivore populations in Manitoba seemed to have increas-
ing prevalence in 2004 to 2006. This could be due to the higher 
proportion of the population infected with T. gondii and the 
subsequent exposure of the susceptible popUlation via ingestion 
of infected tissues from dead individuals (Burns et aI., 2003). 
There has been no survey of the seroprevalence of T. gondii 
for skunks and raccoons in Canada since 1980. In Alberta and 
Saskatchewan, 15% (81 of 542) of skunks were positive for 
TABLE I. Summary of the model coefficients for the serologic test re-
sults of Toxoplasma gondii in 2 species 'bf mesocarnivores, striped 
skunks (Mephitis mephitis) and raccoons (Procyon lotor), in the Cana-
dian prairies from 1999 to 2006. 
Variable Coefficient ([3) SE P Exp ([3) 
Age* 0.95 0.22 <0.001 2.59 
Locationt -1.17 0.58 0.04 0.31 
Age versus sex:j: -0.51 0.22 0.02 0.60 
Year§ 0.42 0.10 <0.001 1.53 
Constant -2.86 0.40 <0.001 0.06 
* Age was a categorical variable for juvenile (0) and adult (I). 
i' Location was a categorical variable for Saskatchewan (0) and Manitoba (I). 
:j: Sex was a categorical variable for male (0) and female (I), 
§ Year was a continuous variable. 
antibodies to T. gondii (Schowalter et aI., 1980). In southern 
Ontario, 56% (14 of 25) of skunks had seropositive results to 
T. gondii (Quinn et aI., 1976). Compared with these 2 old re-
ports from Canada, there are several reports of the seropreva-
lence for T. gondii in skunks (Brillhart et aI., 1994; Dubey et 
a!., 1995, 2007; Smith and Frenkel, 1995; Hill et a!., 1998; 
Mitchell et aI., 2006), and in raccoons (Dubey et aI., 1992, 
1995,2004,2007; Smith and Frenkel, 1995; Hill et a!., 1998; 
TABLE II. Summary of seroprevalence of Toxoplasma gondii in 2 spe-
cies of mesocarnivores, striped skunks (Mephitis mephitis) and raccoons 
(Procyon lotor), in the Canadian prairies from 1999 to 2006. 
No. No. Preva-
Location Age Species Year positive tested lence (0/0) 
Saskatchewan Juvenile Skunk 1999 24 4.2 
Saskatchewan Adult Skunk 1999 4 24 16.7 
Saskatchewan Juvenile Skunk 2000 3 40 7.5 
Saskatchewan Adult Skunk 2000 2 40 5.0 
Manitoba Juvenile Skunk 2003 3 99 3.0 
Manitoba Adult Skunk 2003 10 99 10.1 
Manitoba Juvenile Skunk 2004 2 131 1.5 
Manitoba Adult Skunk 2004 26 131 19.9 
Manitoba Juvenile Skunk 2005 6 165 3.6 
Manitoba Adult Skunk 2005 46 165 27.9 
Manitoba Adult Skunk 2006 30 51 58.8 
Manitoba Juvenile Raccoon 2002 0 10 0 
Manitoba Adult Raccoon 2002 2 10 20.0 
Manitoba Juvenile Raccoon 2003 3 44 6.8 
Manitoba Adult Raccoon 2003 4 44 9.1 
Manitoba Juvenile Raccoon 2004 6 37 16.2 
Manitoba Adult Raccoon 2004 10 37 27.0 
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Mitchell et aI., 1999; Hancock et aI., 2005) from several areas 
of the United States. 
In our study, on an average, skunks in Saskatchewan had a 
seroprevalence of 15.6% (10 of 64), whereas skunks in Mani-
toba had a seroprevalence of 28% (125 of 446). Our seroprev-
alence results for skunks in Saskatchewan and Manitoba were 
consistent to those found in the prairies (Schowalter et aI., 
1980), but they were lower than those in southern U.S. prairies 
(Smith and Frenkel, 1995; Hill et aI., 1998) and southern On-
tario (Quinn et aI., 1976). Furthermore, on average, raccoons 
in Manitoba had a seroprevalence of 27.5% (25 of 91), which 
is intermediate level of prevalence for raccoons. Our results 
indicate that T. gondii is focally enzootic and prevalence is 
highly variable depending on location compared with published 
studies. This could be due to the more humid condition of the 
southern prairies and southern Ontario climate, thus, leading to 
higher survival of oocysts in the environment. 
For both skunks and raccoons, T. gondii infection is more 
prevalent in adults than in juveniles. This is a common pattern 
for many host species and disease agents. As animals age, their 
cumulative likelihood for exposure to T. gondii increases (Hill 
et aI., 1995; Zamke et aI., 2000; Labelle et aI., 2001). Further-
more, adult males seemed to have higher prevalence than ju-
veniles of both sexes. This difference may be due to the larger 
home ranges and higher mobility of adult males, thereby in-
creasing the risk of exposure to T. gondii. 
Human expansion into rural areas, outdoor recreational ac-
tivities, and the expansion of skunks and raccoons into urban 
areas have increased human and felid contact with these me-
socarnivore species and may led to greater potential for zoo-
notic disease transmission. Results of the current study indicate 
that T. gondii is endemic in the skunk and raccoon populations 
in the prairies. 
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SEROPREVALENCE OF NEOSPORA CANINUM ANTIBODIES IN CATTLE AND WATER 
BUFFALOES IN INDIA 
Meenakshi, K. S. Sandhu, M. S. Ball, H. Kumar, S. Sharma, P. K. Sidhu, C. Sreekumar*, and J. P. Dubeyt 
Department of Epidemiology and Preventive Veterinary Medicine, Guru Angad Dev Veterinary and Animal Sciences University, Ludhiana 
141004, India. e-mail: jitender dubey@ars.usda.gov 
ABSTRACT: Neospora caninurn is now recognized as a major cause of abortion in cattle worldwide, but there is no report of N. 
caninurn infection in cattle in India. Serum samples from 427 dairy cattle and 32 dairy water buffaloes from 7 organized dairy 
farms located in Punjab, India, were tested for N. caninurn antibodies using a commercial monoclonal antibody-based competitive 
enzyme-linked immunosorbent assay (ELISA). Antibodies to N. caninurn were found in 35 of 427 cattle from 6 of the 7 farms; 
9.6% of cows, 5.1 % of heifers, and 5.0% of calves were seropositive, suggesting postnatal transmission of N. caninurn on the 
farm, Antibodies to N. caninurn were found in 16 of 32 buffaloes tested from 2 dairy farms. In total, 64 cattle and 16 buffalo 
sera already tested by ELISA were also evaluated by an indirect fluorescent antibody test (IFAT) to verify ELISA results, Of the 
64 cattle samples, 29 sera were negative by both tests and of the 35 ELISA-positive sera, 12 had IFAT titers of 1: 100 or higher 
(1 had IFAT titer of 100, 2 had IFAT titer of 200, and 9 had IFAT titers of 400 or higher), Of the 16 buffalo sera positive by 
ELISA, 1 had an IFAT titer of 1 :400, Thus, antibodies to N. caninurn were demonstrated in cattle sera by 2 serologic methods, 
To our knowledge this is the first report of N. caninurn infection in cattle and buffaloes in India, 
The protozoan Neospora caninum can cause a serious disease 
in cattle and dogs worldwide (Dubey and Lindsay, 1996). Abor-
tions and neonatal mortality are a major problem in livestock 
production, and neosporosis is one of the major causes of abor-
tion in cattle (Dubey et a!., 2006), Although antibodies to N. 
caninum have been reported in many species of animals world-
wide (Dubey et a!., 2007), to our knowledge there is no pub-
lished report of N. caninum infection in cattle in India. In the 
present study, seroprevalence of N. caninum in dairy cattle and 
water buffaloes (Bubalus bubalis) from India is reported. 
MATERIALS AND METHODS 
Animals 
Blood samples were collected from 427 dairy cows and 32 dairy 
water buffaloes (13 from farm 4, and 19 from farm 6) in the period 
from April 2002 to March 2004 from 7 organized dairy farms located 
in Punjab, India (Table I), Punjab is a northwestern state of India bor-
dering Pakistan on the west, and it occupies 1.5% of the country's total 
geographical area, The state is situated between the 29.30-32.32°N lat-
itude and 73,55-76,50oE longitude. Cattle tested were of mixed breed, 
mostly crosses between Holstein and Indian breeds, Buffaloes were of 
the graded Murrah breed; these animals were selectively bred for milk 
production. All animals were stall fed, • 
Previously, abortions had occurred on these farms, but the etiology 
was not investigated, Blood was collected from a jugular vein, and 
serum was separated by centrifugation and stored at -20 C until as-
sayed, Attempts were made to obtain data on herd history, age, abortion 
history (including premature and stillbirth), repeat breeding, or retention 
of placenta, 
Serologic examinations 
.. ' 
Enzyrne-linked irnrnunosorbent assay (ELISA): All sera were tested 
for presence of N. caninurn-specific antibodies using a monoclonal an-
tibody-based competitive ELISA (VMRD, Inc" Pullman, Washington), 
This ELISA is based on antigen capture using a GP 65 N. caninurn 
monoclonal antibody (Baszler et aI., 1996), The test has been validated 
(Baszler et aI., 2001; lakubeck and Uggla, 2005), and it is being used 
extensively for the detection of N. caninurn infection in many species 
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of animals (Dubey et ai., 2007), The ELISA kits were imported from 
VMRD, Inc., and the test was performed at the Department of Epide-
miology and Preventive Veterinary Medicine, GADVASU, Ludhiana, 
India, according to instructions supplied by the kit manufacturer. A 
positive control was run in duplicate, and negative controls were run in 
triplicate according to manufacturer's instruction, The coated plate was 
incubated for 1 hr at room temperature with undiluted test sera and 
controls, and then it was rinsed with diluted wash solution, Next, the 
plate was incubated with peroxidase-anti-mouse monoclonal antibody 
conjugate for 20 min, The conjugate was washed off, and the substrate 
solution was incubated in the wells covered with aluminum foil for 20 
min, "Stop solution" was added, and the optical density (OD) of wells 
was determined at a wavelength of 620 nm. Results were expressed as 
percentage of inhibition (PI) using the formula PI = 100 - [(sample 
OD X 100)l(mean negative control OD)]. The cut-off PI value for com-
petitive ELISA was 30%, i.e., serum samples with PI values equal to 
or greater than 30% were regarded as positive, and those with less than 
30% PI were taken as negative, 
Indirect fluorescent antibody test (IFAT): All 51 sera positive for N. 
caninurn by ELISA (35 cattle and 16 buffaloes) and 29 randomly se-
lected ELISA-negative samples were further tested for IFAT antibodies 
at the Department of Parasitology, Madras Veterinary College, Chennai, 
India, For this test, whole tachyzoites of the culture-derived NC-l iso-
late of N. caninurn were prepared at the Animal Parasitic Diseases Lab-
oratory (APDL), United States Department of Agriculture (USDA), 
Beltsville, Maryland, as described previously (Dubey et ai., 1988), The 
bovine conjugate and the N. caninurn slides were sent chilled by air 
from APDL to Chennai. The verification of results obtained by ELISA 
by another test was an afterthought, and it was required by Indian Coun-
cil of Agricultural Research, Government of India, before reporting a 
disease or infection first time in the country, Bovine sera from India 
were not permitted to be sent to the United States due to quarantine 
regulations. 
Statistical analysis 
True prevalence was calculated at 95% confidence interval (CI) using 
the True Prevalence program of survey toolbox, in which sensitivity, 
specificity, and sample size were taken into consideration (Cameroon, 
1999), 
The association between ELISA and IFAT (kappa value) was calcu-
lated using Win Episcope 2,0 (software package developed by a group 
of researchers in The Netherlands, the United Kingdom, and Spain, 
namely, 1. De BIas, C. Ortega, K. Frankena, 1. Noordhuizen, and M. 
Thrusfield). 
The sensitivity and specificity of IFAT was calculated using ELISA 
as alloyed gold standard with known sensitivity and specificity (Hadgu 
et aI., 2005) based on following equations: 
Set = [SpJA + B) - B]/[N(Sp, - 1) + (A + C)] 
SPI = [SeJC + D) - C]/[NSe, - (A + C)] 
1374 
MEENAKSHI ET AL.-NEOSPORA CANINUM INFECTIONS IN CADLE IN INDIA 1375 
TABLE I. Details of location of the cattle farms sampled. 
Farm 
2 
3 
4 
5 
6 
7 
Site of the farm 
Village Sadarpura, Dist Ludhiana 
Village Gureh, Dist Ludhiana 
Village Malsiya, Dist Jalandhar 
PAD Dairy farm, Dist Ludhiana 
Ferozpur dairy farm, Dist Ferozpur 
Village Dau Majra, Dist Ludhiana 
Mandi Ahmedgarh, Dist Sangrur 
where N is total sample size; Se, and Sp, denote sensitivity and speci-
ficity, respectively, of alloyed gold standard; and Set and SPt represent 
sensitivity and specificity, respectively, of new test. 
All the examined animals were divided into 3 groups according to 
their age (calves, heifers, and cows; Table II). Agewise and herdwise 
distributions of seroprevalence were calculated for all animals. The per-
centage of seropositivity was correlated with history of abortion and 
tested for their association by chi-square test. 
RESULTS 
Cattle 
By ELISA, 35 of 427 cattle sera had antibodies to N. can-
inum, with an overall apparent prevalence of 8.2%. Given the 
sensitivity and specificity of ELISA at 96% and 99%, respec-
tively, true prevalence was calculated to be 7.6% (95% CI, 
6.244-8.914). The prevalence of N. caninum antibodies was 
9.6% in cows, 5.1% in heifers, and 5% in calves, suggesting 
postnatal transmission of N. caninum on the farm (Table II). 
Herd-specific prevalence varied from none on farm 7 to 37.5% 
on farm 5. Most cattle were positive at high percentage of in-
hibition by ELISA (Table III). 
To evaluate an association between seropositivity and abor-
tion, the percentage of seropositive animals with abortion his-
tory (including premature and stillbirth) was compared with 
those having normal calving. Of 290 adult animals screened, 
82 animals had the history of abortion. Of these 82, 17 animals 
(20.7%) had N. caninum antibodies; there was significant as-
sociation between seroprevalence and abortion (X2 = l6.08,P 
< 0.01), and risk of abortion was 4.7 times higher in animals 
with neosporosis than without neosporosis. In the present study, 
2 of 8 seropositive cows had premature parturition, 1 of 13 
pregnancies ended in stillbirth, 14 of 118 had a history of repeat 
breeding, and 9 of 73 had retained placenta. Of the seropositive 
. , 
Latitude 
300 34'-310 01'N 
300 34'-31°01'N 
31°19'N 
300 34'-31°01'N 
300 20'N 
30°34' -31 °01 'N 
29°4' -300 42'N 
Longitude 
75°18'-76°20'E 
75°18'-76°20'E 
75°35'E 
75°18'-76°20'E 
74°25'E 
75°18'-76°20'E 
75°18'-76°13'E 
cattle (with abortion history) that became repeaters after abor-
tion, the percentage of seropositivity was 85.7% (12 of 14), and 
for those with retained placentas, the seropositivity was 64.3% 
(9 of 14). However, the sample size was too small to draw any 
conclusion about cause and effect relationships. 
Water buffaloes 
Using ELISA, antibodies were found in 7 of 13 buffaloes 
from farm 4 and in 9 of 19 from farm 6. The percentage of 
inhibition was 60-70% in 1,70-80% in 9, and >80-90% in 6 
(Table III). The prevalence of N. caninum antibodies was 52.3% 
(11 of 21) in adults and 45.4% (5 of 11) in heifers. Abortions 
were reported only in 2 buffaloes, and 1 of these animals was 
seropositive for N. caninum. 
Comparison of ELISA and IFAT 
In total, 64 cattle sera were tested by both ELISA and IFAT. 
Of these sera, 29 sera were negative by both tests. Of the 35 
ELISA-positive sera, 12 had IFAT titers of 1:100 or higher 
(IFAT titer = 100 [1], IFAT titer = 200 [2], and IFAT titers = 
400 or higher [9]). The kappa value between the ELISA and 
IFAT was 0.321; ,the observed proportion of agreement was 
0.641, whereas the expected proportion of agreement was 
0.471. A kappa value between 0.2 and 0.4 indicates fair degree 
of agreement (Thrusfield et aI., 1995). Keeping ELISA as al-
loyed gold standard, the sensitivity and specificity of IFAT were 
calculated to be 33.3% and 100%, respectively. 
Of the 16 buffalo sera positive by ELISA, 1 buffalo had an 
IFAT titer of 1:400 . 
TABLE II. Farmwise seroprevalence of N. caninum in cattle from Punjab, India. 
Adults (>2 yr old) Heifers (13 to 24 mo old) Calves (up to 12 mo old) Total 
Farm Tested Positive Tested Positive Tested Positive Tested % Positive 
41 3 45 0 12 98 4.0 
2 62 2 19 2 18 1 99 5.5 
3 76 5 5 0 0 0 81 6.1 
4 56 4 24 2 0 0 80 7.5 
5 32 12 0 0 0 0 32 37.5 
6 8 2 4 1 0 0 12 25.0 
7 15 0 0 0 10 0 25 0 
Total 290 28 97 5 40 2 427 8.2 
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TABLE III. Relationship between N. caninum and ELISA percentage of 
inhibition and the host. 
% Inhibition Cattle Buffalo 
30-40 0 
40-50 2 0 
50-60 2 0 
60-70 5 I 
70-80 10 9 
80-90 12 6 
>90 3 0 
Total 35 16 
DISCUSSION 
Neospora caninum causes abortion in both dairy and beef 
cattle. Cows of any age may abort from 3 mo of gestation to 
term, but with most occurring at 5-6 mo of gestation. Fetuses 
may die in utero, or be resorbed, mummified, autolyzed, still-
born, born alive with clinical signs, or born clinically normal 
but persistently infected. Much more data are needed to estab-
lish cause-effect relationships. Demonstration of N. caninum in 
lesions is the only way to make a definitive diagnosis of N. 
caninum-induced abortion. However, it is difficult to find N. 
caninum in mummified fetuses, and the association of mum-
mification and N. caninum is based mainly on the observations 
of mummified fetuses found in outbreaks of neosporosis (An-
derson et aI., 1991; Wouda, 1998). Similarly, there are reports 
of retained placentas in cattle that have aborted from neospo-
rosis (Bartels et aI., 1999; Hobson et aI., 2005). Dam serologic 
examination can aid but cannot establish diagnosis, because N. 
caninum antibody titers in aborting and nonaborting cattle may 
be similar (Dubey et aI., 1997; Dubey and Schares, 2006). 
In the present study, a higher proportion of aborted cattle 
were seropositive than having normal pregnancy. Therefore, 
neosporosis should be considered in the differential diagnosis 
of bovine abortion in India. In India, aborted fetuses from live-
stock and placentas are often left for scavengers, and there is 
no report in the literature of any planned studies establishing 
the etiology of bovine abortion. Domestic and stray dogs.on 
farms have an easy access to placentas and the ingestion of 
infected placentas and fetal tissues can lead to the shedding of 
N. caninum oocysts (McAllister et aI., 1998; Dijkstra et aI., 
2001). Canids (dogs, coyotes, and possibly red foxes) are the 
only known hosts to shed N. caninum oocysts (McAllister et 
aI., 1998; Gondim et aI., 2004; Wapenaar et aI., 2006). In India, 
there are no coyotes, and it is rare to find a fox on cattle farms. 
Water buffaloes are important dairy animals in India, and 
they playa significant role in economic growth of Italy, Brazil, 
and India, as well as other parts of Asia. Approximately 14% 
to 70% of buffaloes from Brazil, Egypt, and Italy were found 
to have antibodies for N. caninum (Dubey et aI., 1998; Guarino 
et aI., 2000; Fuji et aI., 2001; Gennari et aI., 2005). As of yet, 
there is no confirmed report N. caninum-induced abortion in 
buffaloes. Results of the present study indicate that N. caninum 
infection is present in buffaloes in India. 
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A NOVEL GENE FROM BRUGIA SP. THAT ENCODES A CYTOTOXIC FATTY ACID 
BINDING PROTEIN ALLERGEN RECOGNIZED BY CANINE MONOCLONAL IgE AND 
SERUM IgE FROM INFECTED DOGS 
Susan M. Orton*, Prema Arasu, and Bruce Hammerbergt 
Department of Population Health and Pathobiology. College of Veterinary Medicine. North Carolina State University. Raleigh. North Carolina 
27606. e-mail: bruce_hammerberg@ncsuedu 
ABSTRACT: Brugia pahangi infection of dogs is a well characterized model of human lymphatic filariasis in which sera consis-
tently show IgG or IgE reactivity to a 35-kDa antigen. Using dog lymph node B cells, we previously established a heterohybri-
doma cell line producing canine monoclonal IgE (cmAb 2.39) that activates and degranulates canine mast cells, and specifically 
recognizes a 35-kDa B. pahangi antigen. By affinity purification and sequencing of the native protein from B. pahangi adults, a 
19-amino acid sequence was obtained; the derived nucleotide sequence showed homology to a Brugia malayi and 2 related 
Onchocerca volvulus expressed sequence tag (EST) clones from the Filarial Genome Project database. Consensus primers am-
plified a 244-bp product from adult and infective larval stage cDNA libraries of B. malayi, 0. volvulus, and Wuchereria bancrofti, 
but not from those of nonfilarial nematodes. The B. malayi EST clone only showed nucleotide sequence homology to 0. volvulus 
EST sequences. A 684-bp region from the open reading frame was expressed as a glutathione S-transferase fusion protein 
designated BmAI-1. CmAb 2.39, as well as serum IgE from dogs infected with B. pahangi and canine filarial heartworm, 
Dirofilaria immitis, recognized BmAl-l on enzyme-linked immunosorbent assay and Western blots. BmAI-I showed high binding 
affinity for a fatty acid; however, a search for sequence homology with known fatty acid binding proteins indicated that 
BmAI-I is a unique fatty acid binding protein. This 35-kDa protein seems to be highly conserved in different stages and species 
of filarids, and it represents a previously unknown allergen that is possibly involved in the pathogenesis of filarial disease. 
Experimental infection of dogs with the filarial nematode 
Brugia pahangi has proven to be an excellent model system to 
study disease pathogenesis associated with lymphatic filariasis. 
We have found that the acute and chronic lesions (Snowden 
and Hammerberg, 1989), pathogenesis (Snowden and Ham-
merberg, 1987, 1989), and the immunological responses (Miller 
et aI., 1991) are very similar to those reported for human fila-
riasis (Ottesen, 1982; Nielsen et aI., 2002; Semnani and Nut-
man, 2004). We described an association of elevated release of 
histamine and tumor necrosis factor (TNF) from lymph node 
cells in dogs with a genetic predisposition to limb edema for-
mation upon infection with B. pahangi, and we noted increased 
mast cell numbers in the uninfected peripheral lymph nodes of 
this group of dogs compared with lymph nodes from nonedema-
forming dogs (Orton et aI., 1998). Mast cell release of pre-
formed histamine and TNF-cx is mediated by surface-bound IgE 
antibodies. 
In a previous study, canine popliteal lymph node cells w.ere 
harvested at the onset of clinical disease from the rear limb of 
a dog infected with B. pahangi, and they were fused with a 
mouse myeloma cell line to form canine X mouse heterohy-
bridomas. Of the several canine immunoglobulin-producing 
clones from this fusion, clone 2.39 was found to produce mono-
clonal canine IgE (cmAb 2.39) that was specific for a filarial 
antigen (Gebhard et aI., 1995). The IgE, antibody recognized a 
35-kDa band in Western blots of adult B. pahangi extracts run 
under both reducing and nonreducing conditions, whereas im-
munohistochemical analyses showed binding to somatic muscle 
tissue in both male and female adult worms. 
Dogs chronically infected with B. pahangi and dogs rein-
fected during chronic infection have consistently shown IgG or 
IgE antibodies to a 35-kDa antigen, while demonstrating vari-
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able to undetectable responses to the nematode polyprotein an-
tigen (NPA) or "ladder antigen" (Snowden and Ham merberg , 
1987; Allen et aI., 1995; Britton et aI., 1995; Kennedy et aI., 
1995). We were interested in knowing whether the 35-kDa an-
tigen recognized by the canine monoclonal IgE was homolo-
gous to the common ladder antigen or the filarial antigens that 
preferentially induce polyclonal and antigen-specific IgE and 
IgG4 antibodies (Garraud et aI., 1995; Lobos et aI., 1996), and 
whether the recombinant antigen would be able to signal de-
granulation of canine mast cells activated with cmAb 2.39. Fur-
thermore, we wanted to examine whether canine serum IgE 
from filarid-infected dogs recognized the recombinant fusion 
protein. In the present study, we describe the isolation and char-
acterization of a novel 52-kDa B. malayi allergen-glutathione 
S-transferase (GST) recombinant fusion protein, designated 
BmAI-l, that contains the epitope recognized by monoclonal 
canine IgE generated from B cells of a B. pahang i-infected dog. 
MATERIALS AND METHODS 
Isolation of native, IgE-specific Brugia antigen 
The B. pahangi antigen (BpA) preparation was a saline-soluble ex-
tract of male and female adult worms recovered from the peritoneal 
cavity of experimentally infected jirds (Snowden and Hammerberg, 
1989), BpA-specific canine monoclonal IgE, cmAb 2.39 (available as 
dog IgE monoclonal from Bethyl Laboratories, Montgomery, Texas), 
was linked to protein A-agarose beads using the ProFound coimmu-
noprecipitation kit following manufacturer's instructions (Pierce Chem-
ical, Rockford, Illinois), which leaves the Fab end of cmAb 2.39 free 
to bind specific antigen. BpA in phosphate-buffered saline (PBS) was 
applied to the column, and after repeated washing, bound antigens were 
eluted from the column with 0.1 M glycine-NaOH, pH 11.0. The affin-
ity-purified antigens were concentrated with a lO-kDa molecular weight 
cut-off Centriprep filtration unit (Millipore Corporation, Billerica, Mas-
sachusetts) and assayed for protein content using the Bradford reagent 
assay (Bio-Rad, Hercules, California). Fifty fLg of affinity-purified par-
asite antigens were fractionated by sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE) under reducing and nonreducing 
conditions on a 10% gel, and they were transferred to 0.2-fLm pore size 
polyvinylidene difluoride (PVDF) membranes (Bio-Rad) as described 
previously (Towbin et aI., 1979). To reveal the band of protein recog-
nized by cmAb 2.39, a single strip of the membrane blots was incubated 
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with cmAb 2.39 and detected with phosphatase-labeled affinity-purified 
goat anti-dog IgG, heavy and light chain-specific antiserum (Kirkegaard 
and Perry Laboratories, Gaithersburg, Maryland) that cross-reacted with 
canine IgE. This stained strip was used as a reference for excision of 
area of the PVDF membrane containing the 35-kDa cmAb 2.39-reactive 
peptide from the remaining blot run under nonreducing conditions. The 
excised area of membrane bearing the 35-kDa protein was submitted 
for amino acid sequencing to the Louisiana State University Medical 
Center Core Labs (New Orleans, Louisiana). 
Antisera production 
A 20-amino acid synthetic peptide, corresponding to the N-terminal 
sequence of the 35-kDa antigen to which an N-terminal cysteine was 
added to allow linkage to keyhole limpet hemacyanin (KLH), was gen-
erated by the Louisiana State University Medical Center Core Labs. 
One hundred micrograms of the synthetic peptide was mixed with Ti-
termax adjuvant (Sigma-Aldrich, St. Louis, Missouri) and injected sub-
cutaneously into New Zealand White rabbits at 4 sites. The rabbits were 
boosted with 50 ILg of protein in Titermax adjuvant after 4 wk, and sera 
were harvested 10-14 days postboost. Enzyme-linked immunosorbent 
assay (ELISA), as described under immunochemical procedures, was 
used to determine antibody titers. IgG antibodies specific for the KLH 
carrier were removed by passage over an affinity column of KLH linked 
to Affi-Gel 10 beads (Bio-Rad), and the remaining IgG antibodies were 
purified by protein G-agarose bead chromatography (Pierce Chemical). 
For production of polyclonal rabbit anti-canine IgE, rabbits were im-
munized with cmAb 2.39, and immune sera were adsorbed with canine 
IgG linked to Affi-Gel 10 beads before protein G-agarose bead affinity 
chromatography was used to purify IgG antibodies specific for canine 
IgE. 
Polymerase chain reaction (PCR) amplification and sequence 
analysis 
The peptide and deduced nucleotide sequence from the N-terminal 
19 amino acids of the 35-kDa antigen were compared with public da-
tabases (NCBI, NIH, Bethesda, Maryland) using basic local alignment 
search tool (BLAST) (Altschul et ai., 1990). An approximately 1.1-kb 
PCR product showing homology to a B. malayi adult male expressed 
sequence tag (EST) sequence in the Filarial Genome Project (FGP) 
database, was obtained from S. A. Williams (Smith College, North-
ampton, Massachusetts). A 5' -insert-specific primer (primer A: 5' -GA 
GTGGTICAGTIAAATI-3') and 3'-oligo(dT) primer were used to am-
plify the entire clone for sequencing, because only 45% bp of the clone 
had been sequenced by the FGP. Lasergene software (DNASTAR, Inc., 
Madison, Wisconsin) was used to generate consensus primers 
(5'WVEK: 5'-TIGGGTTGAAAAAGATGC-3' and 3'RGEQ: 5'-CTC 
ACGCCACTGTICACCAC-3' [Genosys, Woodlands, Texas]) based 
upon highly homologous regions found between the B. malayi adult 
male and O. volvulus infective larva (L3) and adult female EST se-
quences in the FGP database. PCR conditions used for cross-species 
comparisons were 94 C for 45 sec, 55 C for 30 sec, and 72 C for 45 
sec for 45 cycles, and a final extension at 72 C for 10 min. 
cDNA libraries for B. malayi L3, W. bancrofti adult male, and O. 
volvulus L3 were obtained from the FGP repository (S. A. Williams). 
The Trichinella spiralis (Arasu et ai., 1994,) and Ancylostoma caninum 
(P. Arasu, unpubi. obs.) adult stage cDNA libraries were constructed 
using the AZAP expression vector (Stratagene, La Jolla, California). 
Protein analysis on the derived sequences was done using the Protean 
software (DNASTAR, Inc.). 
Construction of BmAI-1 expression vector 
A 684-bp open reading frame (ORF) from the l-kb EST clone was 
amplified with sequence-specific primers designed with 5'BamHI and 
3'EcoRI sites (5'-CGGGATCCATGAAACAATTCTTITAATCC-3') 
and (5' -GCGGAATICTT-ATTICATATTCAATGGAA-3'), respective-
ly. PCR conditions were 94 C for 60 sec, 50 C for 90 sec, and 72 C 
for 120 sec for 45 cycles, followed by a final extension at 72 C for 10 
min. The Bam HI-EcoRI-digested PCR product was purified and ligated 
into the pGEX2T vector (GE Healthcare, Piscataway, New Jersey) for 
subsequent construction of a GST fusion protein 
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Expression and purification of BmAI-1 in Escherichia coli 
For expression of the protein, the recombinant construct was trans-
formed into E. coli strain BL-21(DE3)pLysS (Novagen, Madison, Wis-
consin) and induced for 2 hr using 1 mM isopropyl ~-D-thiogalactoside 
(IPTG) when the culture optical density (OD)600 had reached 0.6. Cells 
transfected with GST vector alone were used as controls. The bacterial 
cell pellet was harvested by centrifugation and resuspended in a buffer 
containing 100 mM sodium chloride, 10 mM Tris, pH 8.0, 1 mM EDTA 
with 100 ILg/ml lysozyme (STE). Cell lysis was completed by addition 
of dithiothreitol in 10% SarkosyVSTE (Sigma-Aldrich) immediately be-
fore centrifugation to clarify the lysate (Smith and Johnson, 1988; Fra-
gioni and Neel, 1993). Recombinant fusion protein was purified by 
affinity chromatography using glutathione-Sepharose 4B (Pfizer Inc., 
New York, New York). After induction, the presence of recombinant 
protein was confirmed by immunoblot analysis as described above using 
rabbit anti-GST (Sigma-Aldrich) and cmAb 2.39. 
Immunochemical methods 
In addition to detection of cmAb 2.39 by cross-reactive rabbit anti-
sera against canine IgG as described above, binding of cmAb 2.39 to 
BmAl-l on Western blot was detected with a biotinylated mouse mono-
clonal anti-canine IgE, mAb 5.91 (Hammerberg et ai., 1997), followed 
by incubation with streptavidin-phosphatase (Zymed Laboratories, 
South San Francisco, California), and developed with alkaline phos-
phatase substrate (Bio-Rad). Detection of cmAb 2.39 was also con-
ducted with rabbit anti-canine IgE, followed by phosphatase-labeled 
goat anti-rabbit IgG (Kirkegaard and Perry Laboratories). ELISA on 
microtiter plates was used to detect binding to BmAl-l by cmAb 2.39 
and canine serum IgE from filarid-infected dogs. CmAb 2.39 and canine 
serum IgE antibodies specific for BmAI-l were detected with either 
biotinylated mAb 5.91 or biotinylated protein G-purified rabbit anti-
canine IgE, followed by streptavidin-peroxidase (Zymed Laboratories) 
and developed with ammonium 2,2-azino-bis(3-ethylbenzthiazoline-6-
sulfonate) peroxidase substrate (Kirkegaard and Perry Laboratories). 
The standard curve consisting of cmAb 2.39 ranging from 0.5 to 100 
ng/ml allowed quantitation of BmAl-l-specific IgE in dog sera. Color 
development was measured by absorbance at 405 nm on a Fisher Mi-
. crotek microtiter plate reader (Fisher, Raleigh, North Carolina). ELISA 
was also used to measure canine serum IgG specific for BmAl-l. How-
ever, this ELISA was only qualitative in nature. IgG was detected with 
peroxidase-labeled goat anti-canine IgG 'Y chain specific (Kirkegaard 
and Perry Laboratories). Serum from each dog was analyzed at 4 di-
lutions, each of which was run in triplicate. Sera were serially diluted 
1:5 through 1:40 for BmAI-l-specific IgE and 1:50 through 1:400 for 
BmAl-l-specific IgG levels. 
Source of infected and uninfected dogs 
Blood from B. pahangi-infected dogs was collected 8.5-9 wk after 
infection with 20 B. pahangi L3 by subcutaneous injection at the dor-
sum of the rear paw as described previously (Orton et ai., 1998). Pre-
infection serum was also collected from these dogs; however, all of the 
B. pahangi-infected dogs were born to mothers that had patent B. pa-
hangi infections. All B. pahang i-infected dogs were raised and main-
tained under closed housing conditions. Blood samples from dogs nat-
uraUy infected with D. immitis were obtained after the animals were 
killed at a local animal shelter by lethal injection and infections were 
confirmed at necropsy. 
"Outdoor housing" dogs were privately owned dogs, maintained on 
outdoor runs, and bled with owner consent at the time medical histories 
were obtained. All dogs were being maintained on monthly anthelmin-
thics to prevent adult D. immitis and to minimize ascarid and hookworm 
infection. "Indoor housing" dogs were colony reared and protected 
from filarial parasite exposure. Blood was collected from 6 of the dogs 
at 6 mo of age. 
Passive cutaneous anaphylaxis (PCA) 
Two colony-reared dogs, raised and maintained in indoor housing 
without exposure to helminth parasites, were used to test BmAI-l cross-
linking by specific IgE with passive cutaneous anaphylaxis. The right 
thoracic area of the 2 dogs was shaved, and intradermal injections of 
100 ILl of purified cmAb 2.39 (at 1 mg/ml) were given at 12 sites. 
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Another 12 sites were injected with 100 fLl of saline. Forty-eight hours 
later, duplicate injections of 100 fLl of BmAl-l at 1.0, 0.5, 0.1, 0.05, 
and 0.01 mg/ml were injected intradermally into sites previously in-
jected with cmAb 2.39 or saline, respectively. GST at 1.0 mg/ml was 
also injected as a control. Rabbit polyclonal anti-canine IgE (20 fLg/ml) 
and saline were injected as positive and negative controls, respectively. 
Reactive regions at the test sites were evaluated using caliper measure-
ment for wheal diameter, and erythema intensity for flare response by 
an independent observer at 20 min and 24 hr after injection of the 
antigen. 
Trypan blue dye exclusion 
Two different cell types were used for dye exclusion testing, i.e., a 
canine mastocytoma cell line, C2 (Lazarus et aI., 1986); and a feline 
lymphosarcoma cell line, E (English et aI., 1993). Cells were incubated 
with buffer, GST (100, 50, and 10 fLg/ml), or BmAl-l (l00, 50, and 10 
fLg/ml) for 30 min at either 4 C or 37 C. Cells were then incubated 
with 0.1 % try pan blue at room temperature for 5 min. Cell counts and 
dye uptake assessments were done using a hemocytometer. 
Fatty acid binding capacity of BmAI-1 
BmAl-1 was tested for its ability to bind fatty acids using dansylated 
fatty acid 11-«5-dimethyl-aminonaphthalene-l-sulphonyl) amino) un-
decanoic acid (DAUDA) (Invitrogen, Carlsbad, California) as described 
previously (Wilkinson and Wilton, 1986; Kennedy et aI., 1997; Mc-
Dermott et aI., 1999). A I mM stock solution of DAUDA was made in 
methanol, and serial dilutions of proteins were made in PBS, pH 7.2. 
Bovine serum albumin (BSA) and Ascaris suum major allergen (ABA-
I) were used as reference fatty acid binding proteins. Each cuvette 
contained 0.2 ml of protein (at O. I or 0.05 mg/ml) in PBS and 2 fLl of 
1 mM DAUDA. After 10 sec, the fluorescence was read on a Versa-
Fluor Fluorometer System (Bio-Rad) using excitation and emission fil-
ters at 340-364 nm and 510-520 nm, respectively. 
Statistics 
Significance of differences of the means between groups was evalu-
ated using the Student's (-test assuming unequal variances. Any P-value 
less than 0.05 was considered significant. Statistical analysis was done 
using GraphPad Prism software (GraphPad Software Inc., San Diego, 
California). 
RESULTS 
Isolation and sequencing of native Brugia protein 
Previous studies showed that cmAb 2.39 recognized a 35-
kDa protein in Western blots of B. pahangi adult worm extracts 
(Gebhard et aI., 1995). The native protein was isolated by pass-
ing B. pahangi adult worm-soluble extracts over a column to 
which cmAb 2.39 was covalently bound by the Fc portion to 
protein A beads. After elution and concentration of the affinity-
purified material, SDS-PAGE and transfer to PVDF membrane 
showed a major band at 35-kDa by protein staining and Western 
analysis with cmAb 2.39 under both reducing and nonreducing 
conditions (Fig. I). A portion of the blot run under nonreducing 
conditions containing the protein of interest was submitted for 
sequencing. The resulting 19 amino acid N-terminal sequence, 
depicted by single-letter amino acids, is as follows; I-H-D-G-
N-N-Y-K-D-G-D-T-W-V-E-K-D. Homology searches using the 
derived 57-nucleotide sequence with the genetic code favored 
by Brugia sp. revealed 100% nucleotide sequence homology 
with nucleotides 101-157 of a 1-kb B. malayi adult stage EST 
clone (AA680477) from the FGP database. Nucleotide sequenc-
ing of the clone revealed a 774-bp ORF with start and stop 
codons, and short 5'- and 3'-untranslated sequences. The de-
duced 257-amino acid sequence was in-frame with the 19-ami-
97 kDa 
66 kDa 
45 kDa 
31 kDa 
MW 1234 
FIGURE I. Reactivity of cmAb 2.39 on Western blot against affinity-
purified B. pahangi soluble extracts, fractionated by 10% SDS-PAGE 
under reducing and nonreducing conditions. Protein stain of affinity-
purified B. pahang i-soluble extract showing peptide at 35-kDa under 
reduced conditions (lane I). Reactivity of cmAb 2.39 against B. pahangi 
extracts separated under nonreducing (lane 2) and reduced (lane 3) con-
ditions. Detecting antibody control (lane 4). 
no acid sequence of the N terminus of the native 35-kDa protein 
(Fig. 2). 
Cloning and expression of BmAI-1 
From the ORF of the EST clone, a 684-bp region was am-
plified and directionally cloned into pGEX2T and transformed 
into E. coli BL-21 cells. After IPTG-induced expression, the 
cell Iysates were subjected to affinity column chromatography 
with glutathione 4B-Sepharose for purification of the 29-kDa-
tagged GST-fusion protein. A major band of about 52 kDa was 
detected on a SDS-PAGE gel run under reducing conditions. 
SDS-PAGE run under nonreducing conditions also showed a 
band at 52 kDa, in addition to minor bands at approximately 
115 kDa and larger, indicating possible aggregation of the re-
combinant peptide into dimers and/or trimers (data not shown). 
BmAI-1-specific IgE and IgG 
Canine mAb 2.39 and sera from B. pahang i-infected, D. im-
mitis-infected, and un infected dogs housed indoors without ex-
posure to filarial parasites or housed outdoors were tested for 
reactivity to the recombinant BmAI-l and control GST proteins 
by Western blot, ELISA, or both. Western blot analysis of the 
affinity-purified recombinant protein showed strong binding of 
cmAb 2.39 to BmAI-1 as detected by monoclonal and poly-
clonal anti-canine IgE. A major band was seen at 52 kDa and 
a minor band at about 115 kDa, again suggesting the occurrence 
of some dimerization, because GST itself is known to form 
natural dimers (Fig. 3). CmAb 2.39 did not bind control GST 
protein. 
Purified cmAb 2.39 was used to construct a standard curve 
for measuring absolute quantities of BmAl-l-specific IgE in 
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GGCACGAGGTCATAAGAGTGGTICAGTTAAATTTCAAATITAAGCAATAACAAA (5'untranslated) 
ATGAAATCAATTCTTTTAATCCTATTTTCTCTATTTAATCCACTAAATGGATGCATACA 
MKS ILLI L FSLFNPLNGCIH 20 
TGATGGTAATAATTACAAGGATGGCGATACTTGGGTTGAAAAAGATGCATTTGTTATGCG 
DGNNY KDGQTWVEKDAFVMR 40 
ATGTCGCATGACTGATGATGGGACATCTTGGATGGTTGAGATAACAGGATGTAAGACACC 
C R M T Q D Q. T S W M V E T GCKTP 60 
ATCGGGTGCAACAATATCAATTAATTCAAGTATAATTGATGGAGATTATGAATGGAAATG 
S GAT S N S. S DGDYEWKC 80 
• * 
TTCAAAAAATAATGATGGACAAATTGTAATGCAAAAAACTTTACATGCAAATGCAAAATG 
S K N N D G Q I V M Q K T L HAN A K C 100 
TGATGAACATCAGCGTGGTGAACAGTGGCGTGAGAAATCATTTTTATATGAATGTGGAGC 
D f H Q R G E Q W R E K S FLY E C G A 120 
AGGTGGCCAGAAAAAATTGATAGCCTGTTTTGGTCAAGATAATGAACAAATAAATGTTGG 
G G Q K K L I A C F G Q D N E Q I N G 140 
TGAATCAAAAGAAATTGGTGGATATATTGTGAAATGCGAAAAATATGATAATGGAACGGT 
E S K E I G G Y I V K C E K Y D N G T V 160 
* 
TATAGTACATGGCATACGCAAAGGAACCGAAAATGGAACAACATTTCAGGTGGAATGCAT 
V H G R K Q. TEN Q. T T F Q V E C 180 
• • * 
AGATTCGAAAGGTGAACATCATGTTGCAGATTCATGGTGGATAGATGATCAACGATTCAA 
QSKGEHHVADSWW D D QRFN200 
* 
TAAGACATGTTTATCATCTGGCAAAATTGAAGTATTAAATTGCATTTCAAAAGATGGCATT 
K T C L SSG K I E V. L N CIS K D G I 220 
AAAATTCCATTGAATAATGAAATAAGCCGTTGGTGCACGAAATACACATGTGAGAAAACA 
P L NNE S RWCTKYTC EKT240 
AGCGATGGTTCAGTACGTTTTGCATCTGGTCCAATTGATGCTAATGGTAAATAA 
S D G S V R F A S G P I DAN G K STOP 257 
TT AA TAA TGAAAA TT AA TGGAAGGAAGAGAAAAACA (3'untranslated) 
FIGURE 2. Nucleotide and derived amino acid sequence of the 774-bp ORF, BmAI-1. Numbers on the right designate the amino acid residue. 
The numbering starts at the initiation codon. The predicted signal peptide, residues 1-16 (bold), N-glycosylation sites (*), myristilation sites (e), 
and phosphorylation sites (underlined) are indicated. Nucleotide sequence data reported in this article are available in the GenBank database under 
the accession AF335566. 
dog sera on BrnAl-1--coated microtiter plates. Results showed 
that all sera from dogs infected witb, B. pahangi had signifi-
cantly higher levels of BrnAl-1-specific IgE compared with 
nondetectable levels in preinfection sera from the same dogs, 
i.e., 146 ::!:: 72 ng/ml compared with <0.5 ng/ml, respectively 
(P < 0.01) (Table I). Sera from 4 of 11 D. immitis-infected 
dogs had detectable levels of IgE specific for BmAl-l. There 
was no detectable binding of IgE to the recombinant GST in 
any of the sera tested. 
Measurement of BmAl-1 binding IgG showed results that 
were different from BrnAl-1-specific IgE. All sera tested 
showed detectable levels of IgG specific for BrnAl-1 in all 
groups of dogs. These groups included dogs housed indoors and 
outdoors without exposure to filarial parasites, pre- and post-B. 
pahang i-infected dogs born to mothers with patent B. pahangi 
infections, and D. immitis-infected dogs. ELISA results showed 
detectable amounts of serum IgG binding to both BmAl-1 and 
GST, albeit at relatively high serum concentrations and low OD 
signal. Even in the dogs housed indoors without any exposure 
to filarial parasites, there were detectable levels of BrnAl-1 
binding IgG, comparable with the other groups of sera. Sub-
traction of the OD values attributable to GST did not alter the 
conclusion that OD values due to binding to BmAl-1 in sera 
collected from dogs after B. pahangi infection were not signif-
icantly different from sera collected before infection (data not 
shown). 
Biological activity of BmAI-1 
peA studies were carried out in dogs to assess in vivo the 
IgE cross-linking capacity of BmAl-l. Dogs were injected in-
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110 kDa 
52 kDa 
FIGURE 3, Binding of cmAb 2,39 to Western blots of BmAI- I under 
nonreducing conditions, Lane I, polyclonal rabbit anti-GST antibody as 
a positive control. Lane 2, horseradish peroxidase-labeled goat anti-
rabbit IgG antibody control. Lane 3, cmAb 2.39. Lane 4, rabbit poly-
clonal antisera against the 19-amino acid sequence derived from direct 
sequencing of the B. pahangi peptide. Lanes 5 and 6, secondary anti-
body controls to detect nonspecific binding. Note binding of cmAb 2.39 
and rabbit polyclonal sera against the recombinant peptide bands at 52 
and 110 kDa. 
tradermally with cmAb 2.39 or PBS, and then they were chal-
lenged at the same sites 48 hr later with BmAI-l or GST only. 
Sites injected with polyclonal anti-canine IgE were read as pos-
itive controls compared with saline only sites that were used as 
negative controls. At BmAI-l concentrations of 0.5 and 1.0 mg/ 
ml, wheal and flare reaction sites measured 13-14 mm in di-
ameter, regardless of whether the sites were previously injected 
with cmAb 2.39. At lower concentrations of BmAI-1, the sites 
previously injected with cmAb 2.39 had a slightly larger wheal 
and flare response than sites that did not receive cmAb ?.39 
injections given, respectively, as follows: at 0.1 mg/ml, 14.5 
versus 12 mm; at 0.05 mg/ml, 14 mm versus 11.5 mm; and at 
0.01 mg/ml, 13 mm versus 11 mm. Because only 2 sites for 
each sample on each of 2 dogs were tested, the statistical sig-
nificance of these results could not be determined. The sites 
injected with either GST or saline alone did not show any re-
activity. With regard to erythematou~,(flare) responses, there 
were no differences at any of the sites for any of the treatments. 
We did not measure lipopolysaccharide (LPS) levels in the 
BmAI-l used for intradermal injection, because LPS alone has 
been shown not induce an immediate skin response (Michel et 
aI., 1991). The weak reactivity in PCA may indicate that re-
combinant BmAI-l only contains a single epitope that is inad-
equate for cross-linking IgE on mast cells. 
Because an immediate intradermal wheal and flare response 
to BmAI-1 occurred independently of cmAb 2.39 injection, di-
rect effects on cells, especially mast cells, by BmAI-l was as-
sessed by trypan blue dye exclusion (Table II). Incubation of 2 
different cell types for 30 min at 37 C with BmAI-1 at concen-
trations of either 100 or 50 J..lg/ml resulted in 100% of cells 
TABLE 1. BmAI-l-specific IgE in dog sera.* 
Groups of dog sera 
B. pahangi infected 
n = 15 
D. immitis infected 
n = 7 
n = 4 
Uninfected sera 
n = 25 
BmAI-l-specific IgE (ng/ml) 
146 :<:: 72 
<0.5 
1,592 :<:: 1,548 
<0.5 
* Results are mean values and standard error for triplicates of each sample. De-
tectable levels of BmAI-l-specific IgE were measured in sera from all 15 B. 
pahangi-infected dogs. However, only 4 of the II total D. immitis-infected dog 
sera had measurable levels of BmAI-l-specific IgE, and they were thus divided 
into n = 4 and n = 7 subgroups. 
being unable to exclude the dye, indicating loss of cell mem-
brane integrity. Similar results at 4 C indicated that the effects 
of BmAI-l were independent of temperature. The effect was 
not observed at concentrations of 10 J..lg/ml or less. Cell counts 
before and after incubation with BmAI-1 were not different, 
indicating that the effect of incubations with BmAI-1 was not 
cytolytic. 
Sequence analysis of BmAI-1 and homology to other 
filarids 
Homology searches of databases revealed 85% nucleotide se-
quence homology of BmAI-1 with Onchocerca volvulus EST 
clones from the infective larvae cDNA library SAW94WL-
OvL3, (clones AA611009, AA917241.1, and AI09647.l) and 
adult female cDNA library SAW98MLW-OvAF (clone 
AI151561). The derived amino acid sequences of the 2 O. vol-
vulus EST clones (based on codon usage favored by Brugia 
sp.) were compared against the BmAI-l sequence (Fig. 4). The 
O. volvulus adult female clone had 66% homology, whereas the 
L3 clone showed 71 % homology to the BmAI-l sequence be-
tween amino acids 25-137. The protein encoded by BmAI-1 
was not homologous with any known protein, including previ-
ously described nematode allergens (Lobos et aI., 1992; Gar-
raud et aI., 1995; Lobos et aI., 1996; Kennedy, 2001). 
TABLE II. BmAI-l-induced dye uptake.* 
% Stained cells (37 C) 
Treatmentt C2 cells E cells 
Saline 8.3 38 
GST 
0.1 19.6 34 
0.05 12.1 33.8 
0.01 13.5 28.5 
BmAI-l 
0.1 100 100 
0.05 100 100 
0.01 9.1 37.1 
* Membrane permeability was assessed by trypan blue dye staining after 30 min. 
The results represent the average of duplicate counts. 
t Units for GST and BmAl-l are in milligrams per milliliter. 
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GGCACGAGGTCATAAGAGTGGTICAGTT AAA TTTCAAATITAAGCAA TAACAAA (5'illltranslated) 
ATGAAATCAATTCTTTTAATCCTATTTTCTCTATTTAATCCACTAAATGGATGCATACA 
MKS ILLI L FSLFNPLNGCIH 20 
TGATGGTAATAATTACAAGGATGGCGATACTTGGGTTGAAAAAGATGCATTTGTTATGCG 
DGNNY KDGQTWVEKDAFVMR 40 
ATGTCGCATGACTGATGATGGGACATCTTGGATGGTTGAGATAACAGGATGTAAGACACC 
CRMTQD§TSWMVE T GC}STP 60 
ATCGGGTGCAACAATATCAATTAATTCAAGTATAATTGATGGAGATTATGAATGGAAATG 
S G 8. T S N ~ S DGDYEWKC 80 
• * 
TTCAAAAAATAATGATGGACAAATTGTAATGCAAAAAACTTTACATGCAAATGCAAAATG 
S K N N D G Q I V M Q K T L HAN A K C 100 
TGATGAACATCAGCGTGGTGAACAGTGGCGTGAGAAATCATTTTTATATGAATGTGGAGC 
D f H Q R G E Q W R E K S FLY E C G A 120 
AGGTGGCCAGAAAAAATTGATAGCCTGTTTTGGTCAAGATAATGAACAAATAAATGTTGG 
G G Q K K L I A C F G Q D N E Q I N G 140 
TGAATCAAAAGAAATTGGTGGATATATTGTGAAATGCGAAAAATATGATAATGGAACGGT 
E S K E I G G Y I V K C E K Y D N G T V 160 
* 
TATAGTACATGGCATACGCAAAGGAACCGAAAATGGAACAACATTTCAGGTGGAATGCAT 
V H G R K § TEN § T T F Q V E C 180 
• • * 
AGATTCGAAAGGTGAACATCATGTTGCAGATTCATGGTGGATAGATGATCAACGATTCAA 
Q S KG E H H V AD S W WID D QRFN200 
* 
TAAGACATGTTTATCATCTGGCAAAATTGAAGTATTAAATTGCATTTCAAAAGATGGCATT 
K T C L SSG K I E V . L N CIS K D G I 220 
AAAATTCCATTGAATAATGAAATAAGCCGTTGGTGCACGAAATACACATGTGAGAAAACA 
P L NNE S RWCTKYTC EKT240 
AGCGATGGTTCAGTACGTTTTGCATCTGGTCCAATTGATGCTAATGGTAAATAA 
S D G S V R F A S G P I DAN G K STOP 257 
TT AA TAA TGAAAA TT AA TGGAAGGAAGAGAAAAACA (3'illltranslated) 
FIGURE 2. Nucleotide and derived amino acid sequence of thi 774-bp ORF, BmAI-l. Numbers on the right designate the amino acid residue. 
The numbering starts at the initiation codon. The predicted signal peptide, residues 1-16 (bold), N-glycosylation sites (*), myristilation sites (e), 
and phosphorylation sites (underlined) are indicated. Nucleotide sequence data reported in this article are available in the GenBank database under 
the accession AF335566. 
dog sera on BmAl-1-coated microtiter plates. Results showed 
that all sera from dogs infected witll, B. pahangi had signifi-
cantly higher levels of BmAl-1-specific IgE compared with 
nondetectable levels in preinfection sera from the same dogs, 
i.e., 146 ± 72 ng/ml compared with <0.5 ng/ml, respectively 
(P < 0.01) (Table I). Sera from 4 of 11 D. immitis-infected 
dogs had detectable levels of IgE specific for BmA1-1. There 
was no detectable binding of IgE to the recombinant GST in 
any of the sera tested. 
Measurement of BmAl-1 binding IgG showed results that 
were different from BmAl-1-specific 19B. All sera tested 
showed detectable levels of IgG specific for BmAl-1 in all 
groups of dogs. These groups included dogs housed indoors and 
outdoors without exposure to filarial parasites, pre- and post-B. 
pahang i-infected dogs born to mothers with patent B. pahangi 
infections, and D. immitis-infected dogs. ELISA results showed 
detectable amounts of serum IgG binding to both BmAI-1 and 
GST, albeit at relatively high serum concentrations and low aD 
signal. Even in the dogs housed indoors without any exposure 
to filarial parasites, there were detectable levels of BmAI-1 
binding IgG, comparable with the other groups of sera. Sub-
traction of the aD values attributable to GST did not alter the 
conclusion that aD values due to binding to BmAI-1 in sera 
collected from dogs after B. pahangi infection were not signif-
icantly different from sera collected before infection (data not 
shown). 
Biological activity of BmAI-1 
peA studies were carried out in dogs to assess in vivo the 
IgE cross-linking capacity of BmAI-l. Dogs were injected in-
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110 kOa 
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FIGURE 3. Binding of cmAb 2.39 to Western blots of BmAl-1 under 
nonreducing conditions. Lane I, polyclonal rabbit anti-GST antibody as 
a positive control. Lane 2, horseradish peroxidase-labeled goat anti-
rabbit IgG antibody control. Lane 3, cmAb 2.39. Lane 4, rabbit poly-
clonal antisera against the 19-amino acid sequence derived from direct 
sequencing of the B. pahangi peptide. Lanes 5 and 6, secondary anti-
body controls to detect nonspecific binding. Note binding of cmAb 2.39 
and rabbit polyclonal sera against the recombinant peptide bands at 52 
and 110 kDa. 
tradermally with cmAb 2.39 or PBS, and then they were chal-
lenged at the same sites 48 hr later with BmAl-l or GST only. 
Sites injected with polyclonal anti-canine IgE were read as pos-
itive controls compared with saline only sites that were used as 
negative controls. At BmAl-l concentrations of 0.5 and 1.0 mg/ 
ml, wheal and flare reaction sites measured 13-14 mm in di-
ameter, regardless of whether the sites were previously injected 
with cmAb 2.39. At lower concentrations of BmAl-l, the sites 
previously injected with cmAb 2.39 had a slightly larger wheal 
and flare response than sites that did not receive cmAb ?39 
injections given, respectively, as follows: at 0.1 mg/ml, 14.5 
versus 12 mm; at 0.05 mg/ml, 14 mm versus 11.5 mm; and at 
0.01 mg/ml, 13 mm versus 11 mm. Because only 2 sites for 
each sample on each of 2 dogs were tested, the statistical sig-
nificance of these results could not be determined. The sites 
injected with either GST or saline alone did not show any re-
activity. With regard to erythematou;i,(flare) responses, there 
were no differences at any of the sites for any of the treatments. 
We did not measure lipopolysaccharide (LPS) levels in the 
BmAl-l used for intradermal injection, because LPS alone has 
been shown not induce an immediate skin response (Michel et 
aI., 1991). The weak reactivity in PCA may indicate that re-
combinant BmAl-l only contains a single epitope that is inad-
equate for cross-linking IgE on mast cells. 
Because an immediate intradermal wheal and flare response 
to BmAI-l occurred independently of cmAb 2.39 injection, di-
rect effects on cells, especially mast cells, by BmAI-1 was as-
sessed by trypan blue dye exclusion (Table II). Incubation of 2 
different cell types for 30 min at 37 C with BmAI-1 at concen-
trations of either 100 or 50 flog/ml resulted in 100% of cells 
TABLE I. BmAI-I-specific IgE in dog sera.* 
Groups of dog sera BmAI-I-specific IgE (ng/ml) 
B. pahangi infected 
n = 15 
D. immitis infected 
n = 7 
n = 4 
Uninfected sera 
n = 25 
146 :!: 72 
<0.5 
1,592 :!: 1,548 
<0.5 
* Results are mean values and standard error for triplicates of each sample. De-
tectable levels of BmAl-l-specific IgE were measured in sera from all 15 B. 
pahang i-infected dogs. However, only 4 of the II total D. immitis-infected dog 
sera had measurable levels of BmAI-I-specific IgE, and they were thus divided 
into n = 4 and n = 7 subgroups. 
being unable to exclude the dye, indicating loss of cell mem-
brane integrity. Similar results at 4 C indicated that the effects 
of BmAl-l were independent of temperature. The effect was 
not observed at concentrations of 10 flog/ml or less. Cell counts 
before and after incubation with BmAl-l were not different, 
indicating that the effect of incubations with BmAl-l was not 
cytolytic. 
Sequence analysis of BmAI-1 and homology to other 
filarids 
Homology searches of databases revealed 85% nucleotide se-
quence homology of BmAl-1 with Onchocerca volvulus EST 
clones from the infective larvae cDNA library SAW94WL-
OvL3, (clones AA611009, AA917241.1, and AI09647.1) and 
adult female cDNA library SAW98MLW-OvAF (clone 
AI151561). The derived amino acid sequences of the 2 O. vol-
vulus EST clones (based on codon usage favored by Brugia 
sp.) were compared against the BmAI-1 sequence (Fig. 4). The 
O. volvulus adult female clone had 66% homology, whereas the 
L3 clone showed 71% homology to the BmAI-1 sequence be-
tween amino acids 25-137. The protein encoded by BmAI-1 
was not homologous with any known protein, including previ-
ously described nematode allergens (Lobos et aI., 1992; Gar-
raud et aI., 1995; Lobos et aI., 1996; Kennedy, 2001). 
TABLE II. BmAI-l-induced dye uptake.* 
% Stained cells (37 C) 
Treatmentt C2 cells E cells 
Saline 8.3 38 
GST 
0.1 19.6 34 
0.05 12.1 33.8 
0.01 13.5 28.5 
BmAI-l 
0.1 100 100 
0.05 100 100 
0.01 9.1 37.1 
* Membrane permeability was assessed by trypan blue dye staining after 30 min. 
The results represent the average of duplicate counts. 
t Units for GST and BmAI-I are in milligrams per milliliter. 
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OVAdf .. DGI1YltWltCSltHSDGQIVIIQItVVBDY 
101 
BmA1-1 A It C 0 E H Q R G B Q Q R BitS FLY X 
OVL3 AltCGDYltRGBQWRBltSFLYJ: 
125 
CGAXG 
CGRAG 
CGRAG OVAdf .. AltCGDYltaGBQWRBltSFLYB 
126 137 150 
BmA1-1 0 K It L I A C F G Q D N - - - - - - - - -
OVL3 QQltLIACFABGBERINIGESKEING 
OVAdf .. QQltLIACFABGB--
FIGURE 4. Comparative analysis of the derived amino acid sequence of BmAl-l, O. volvulus L3 stage (OvL3), and adult female (OvAdfem) 
EST clones based upon codon use favored by Brugia species. Identical nucleotides are in bold. 
Based upon the high percentage of homology between B. 
malayi and o. volvulus nucleotide sequences, 5' and 3' consen-
sus primers were developed for PCR analysis on filarial and 
nonfilarial cDNA libraries. As expected, the predicted 244-bp 
fragment was amplified from BmAI-I, O. volvulus L3, and adult 
female EST clones, as well as from.fl. malayi L3 and Wuch-
ereria bancrofti adult male cDNA libraries (Fig. 5). Addition-
ally, other bands were detected on the gel, suggesting nonspe-
cific PCR amplification products or that this sequence is part 
of a multigene family. Analysis of cDNA libraries from non-
filarial nematode libraries (A. caninum adult, T. spiralis Ll, and 
Caenorhabditis elegans mixed stage) did not result in amplifi-
cation of the expected 244-bp consensus sequence. 
Peptide sequence analysis of BmAI-1 
Given that the recombinant BmAl-l protein is from an un-
characterized sequence with no strong homology to proteins of 
known function, various analyses were conducted to determine 
the nature of the encoded protein. The recombinant protein con-
struct used in these studies may have near tertiary conformation 
due to its recognition by cmAb 2.39 and IgE from Brugia-
infected dogs, and the observed functional activity in binding 
fatty acids (see below). The predicted average molecular weight 
of the 257-amino acid protein is 28.7 kDa, with an isoelectric 
point of 5.88. This is less than an expected 35-kDa molecular 
weight of the native protein, and is it likely due to posttrans-
lational modification. The 5'-(N-terminal) region of the deduced 
amino acid sequence that was absent from the extracted protein, 
resembles a typical eukaryotic signal peptide in that 9 of the 
first 16 N-terminal amino acids have hydrophobic and un-
charged residues (von Heijne, 1986). The sequence encoded 
within the open reading frame contains four potential N-linked 
glycosylation sites (Asn68 , Asn157, Asnl7!' and Asn2oo), which 
follow the general rule of Asn-X-ThrISer, where X is any res-
idue except perhaps aspartate, glutamic acid, or proline (Mon-
onen and Karjalainen, 1984) (Fig. 2). Highly glycosylated gly-
• 
1384 THE JOURNAL OF PARASITOLOGY, VOL. 93, NO.6, DECEMBER 2007 
MW 1 
SOObp 
300bp 
200 bp 
2 3 4 5 6 
244 bp 
FIGURE 5. peR analysis using 5'-WVEK and 3'-RGEQ consensus 
primers to screen filarial cDNA libraries for the predicted 244-bp con-
sensus sequence (found in B. malayi adult male and O. volvulus L3 and 
adult female EST clones) by 2% agarose gel electrophoresis. Lane I is 
a 1.5-kb molecular weight marker. Lane 2 is a negative water control. 
Lane 3 is positive control using cloned BmAI-l. Lanes 4,5, and 6 are 
reactions using cDNA from a B. malayi L3, W. bancrofti adult male, 
and O. volvulus L3 library, respectively. Similar analysis with T. spir-
alis, A. caninum, and C. elegans cDNA libraries were negative (data 
not shown). 
coproteins are common in nematode parasites (Meghjia and 
Maizels, 1986; Maizels et aI., 1989), and extensive posttrans-
lational glycosylation may be present in the native peptide, but 
it is not present in BmAL-l, because bacterial expression does 
not provide this posttranslational modification. 
Lipid binding capacity of BmAI-1 
Sequence analysis revealed several a-helical regions conmin-
ing hydrophobic residues that are characteristic of nematode 
fatty acid binding proteins (Kennedy, 2001). BmAI-l was tested 
for its ability to bind DAUDA, a dansylated fatty acid that 
shows a shift in fluorescence when bound by protein. Incuba-
tion with 100 [Lg/ml BmAI-l showed fluorescence that was 
greater than fluorescence for the common fatty acid binding 
protein BSA and comparable with the' strong affinity binding 
of fatty acids shown by ABA-I at the same concentrations (Ta-
ble III). 
DISCUSSION 
In the present study, we describe the cloning, expression, and 
characterization of a novel allergen, BmAI-l, from Brugia sp. 
The native allergen was isolated using cmAb 2.39, a canine 
monoclonal IgE specific for a 35-kDa protein from B. pahangi. 
CmAb 2.39 was produced from a canine X mouse heterohy-
bridoma using B cells from the lymph node of a Brugia-in-
fected dog (Gebhard et aI., 1995). In previous studies, we 
showed that dogs chronically infected with B. pahangi, and 
TABLE III. Fatty acid binding capacity of BmAI-l.* 
Treatmentt 
BSA 
0.1 
0.05 
ABA-I 
0.1 
0.05 
BmAI-1 
0.1 
0.05 
Relative fluorescence units (mean ± SD) 
363 ± 4.6 
229 ± 2.0 
954 ± 8.5 
671 ± 3.6 
1,217 ± 38.5 
970 ± 24.1 
* Each sample was run in triplicate. Results for relative fluorescence units are 
reported as the mean :+: SO. The values are the average of samples run in 
triplicate. 
t Units for BSA, ABA-I, and BmAI-I are in milligrams per milliliter. 
rechallenged with the nematode, had IgG antibodies, IgE anti-
bodies, or both to a 35-kDa antigen from adult worm extracts 
(Snowden and Hammerberg, 1987), even when there was no 
detectable response to the NPA or ladder antigen. The ladder 
antigen belongs to a family of conserved nematode antigens 
that includes the ABA-l allergen of A. suum and A. lumbri-
coides (Spence et aI., 1993; Tweedie et aI., 1993), proteins from 
D. immitis (Poole et aI., 1992), and Dictyocaulus viviparus 
(Britton et aI., 1995). IgE antibodies specific for a 37 -kDa al-
lergen distinct from NPA, designated BmRl, has been reported 
in humans infected with B. malayi (Rahmah et aI., 1998); how-
ever, there is no sequence similarity between BmAI-l and 
BmR-1. 
CmAb 2.39, as well as serum IgE from Brugia-infected dogs 
and 4 of II of D. immitis-infected dogs, bound the BmAI-l 
recombinant protein; there was no IgE reactivity in sera from 
uninfected dogs. The mean amount of BmAI-l-specific IgE in 
B. pahang i-infected dogs was remarkably high at 146 ±: 72 ng/ 
mI. However, total serum IgE values for dogs are highly vari-
able (Hill et aI., 1995; Felsburg, 1998), and, in our own pre-
vious investigations using purified canine IgE as a reference 
standard, total serum IgE values ranged from 0.5 ng/ml to 2 
[Lg/ml (Hammerberg et aI., 1997). Yet, there is no significant 
difference in total serum IgE levels between helminth-infected 
and normal nonparasitized or nonatopic dogs (Hill et aI., 1995). 
Within this context, the relatively high levels of IgE specific 
for BmAI-l are difficult to interpret. The detection of 
BmAI-l-specific IgE in the sera of all 10 Brugia-infected dogs 
and'a number of D. immitis-infected dogs suggests that this 
allergen or its close homologue is common to filarial nema-
todes. Variability in immune response among individuals in the 
random-bred population of D. immitis-infected dogs compared 
with the line-bred colony population of B. pahangi-infected 
dogs is similar to the variability seen in humans infected with 
filarial parasites (Nielson and Simonsen, 2002). 
In contrast to IgE anti-BmAI-l, IgG binding to BmAI-l was 
detectable in all samples tested. The presence of low levels or 
low affinity BmAI-I binding IgG in sera from normal, unin-
fected, and unexposed dogs could not be explained. However, 
this may be due to prior exposure to antigens with epitopes 
similar to those present on BmAI-l, or due to BmAI-l binding 
through interactions with constant region sites on canine IgG. 
The source of exposure to potential epitopes in the BmAl-l 
sequence is unknown for uninfected dogs, because BLAST 
searches showed homology exclusively with filarial nematode 
sequences. Furthermore, with regard to the lack of difference 
in IgG between outdoor-housed dogs and dogs born and raised 
indoors, there may have been exposure to filarial antigens from 
mothers potentially exposed to filarial infection before being 
moved inside and subsequently giving birth to puppies that 
were born and raised indoors. 
The in vivo peA response showed that skin sites previously 
injected with cmAb 2.39 had a slightly stronger wheal and flare 
response compared with sites that were not previously sensi-
tized. The weak in vivo response compared with strong in vitro 
reactivity shown by Western immunoblot analysis and ELISA 
suggests that the recombinant protein may only bear a single 
epitope recognized by IgE, thereby making it a weak cross-
linking agent for IgE antibodies on skin mast cells. The strong 
wheal and flare responses at high concentrations of BmAl-l, 
i.e., 100 and 50 fLglml, regardless of whether the skin sites had 
previously been injected with IgE, led us to investigate its direct 
effect on cells, in particular, mast cells in culture. BmAl-l, at 
concentrations above 10 fLg/ml, has a permeabilizing effect on 
cell membrane integrity, as shown by the cell's inability to ex-
clude trypan blue dye. This functional property will be inves-
tigated in further characterization of the recombinant allergen. 
Trypan blue is an indicator of loss of cellular membrane integ-
rity (Lorenz et al., 1988). BmAl-l is not cytolytic in that the 
cell counts before and after incubations with the recombinant 
fusion protein were not different. 
Based on consensus regions within the BmAl-l nucleotide 
sequence, a 244-bp peR product was amplified from cDNA 
libraries of o. volvulus and W. bancrofti; this has not yet been 
tested with D. immitis cDNA. Amplification was not observed 
with cDNA of distantly related nonfilarial nematodes, but it was 
observed with different developmental stages and sex of vari-
ous filarial species. These data and the absence of sequence 
homology on both nucleotide and amino acid searches would 
suggest that, based on our testing, this sequence is filarial spe-
cific. As shown in Figure 4, the 5' amino terminus of the de-
rived amino acid sequences of the B. pahangi adult mal~ and 
O. volvulus L3 clones shared greater homology compared with 
the o. volvulus adult female sequence. Furthermore, mUltiple 
bands were detected with the B. malayi L3 and W. bancrofti 
adult male cDNA templates in the peR analyses shown in Fig-
ure 5. Together, the results suggest that these BmAl-l-related 
sequences may be part of a multigene family or that there may 
be differential splicing of the transcJipts. These sequences are 
also not sex or stage restricted, in that the consensus sequence 
was found in adult male and female libraries, as well as L3 
libraries. This is consistent with the polyprotein fatty acid bind-
ing NPA from A. suum, ABA-l that is abundant in the pseu-
docoelomic fluid of the adult worms, but is also found in the 
secretions of all parasitic stages (Kennedy and Qureshi, 1986; 
McGibbon et aI., 1990). There are 2 classes of fatty acid and 
retinol binding proteins that are both rich in IX helix structures, 
i.e., the polyprotein allergens and the fatty acid and retinol bind-
ing (FAR) proteins secreted by many nematodes. To date, the 
in vivo function of these proteins remains to be determined. 
The large polyprotein allergen/antigens are synthesized as large 
polyproteins that are posttranslationally cleaved, resulting in 
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multiple copies of similar lipid binding proteins (ladder anti-
gens), whereas the FAR proteins are synthesized as individual 
proteins of approximately 20 kDa (Garofolo etaI., 2002, 2003; 
Solovyova et al., 2003). FAR proteins have been described in 
multiple nematode species, including C. elegans, 0 volvulus, 
B. malayi, and A. suum. 
Sequence analysis showed several IX helical regions contain-
ing hydrophobic residues, characteristic of fatty acid binding 
proteins. The capacity to bind fatty acids is part of a list of 
common characteristics shared by nematode allergens (Wilkin-
son and Wilton, 1986; Kennedy et al., 1997; McDermott et aI., 
1999). NPAs and FARs of filarial nematodes have shown high-
affinity binding of fatty acids using the dansylated fatty acid 
DAUDA (Kennedy et al., 1995; McDermott et al., 1999). Many 
mammalian allergens are lipocalins that represent a diverse 
group of lipid binding proteins (Virtanen et aI., 1999). We found 
that BmAl-l bound DAUDA to the same degree as ABA-I, 
one of the strongest allergens known. The fatty acid binding 
capacity of BmAl-l should provide clues to the biological func-
tion of the native protein, possibly similar to lipid transfer prop-
erties described for ABA-l and Ov-FAR-l (McDermott et aI., 
2002). Sequence analysis and comparisons with various nem-
atode FARs did not show any significant homology with 
BmAl-l (Blast alignment tools; http.//www.ncbi.nlm.nih.gov/ 
BLAST!) (Altschul et aI., 1997). 
The results reported here describe a novel fatty acid binding 
protein that seems to be highly conserved in different stages 
and species of filarial nematodes and that may represent a major 
allergen involved in the pathogenesis of filarial disease. The 
recombinant protein form of this allergen and the canine mono-
clonal IgE specific for it will facilitate further studies of the 
possible role of this protein in filarial fatty acid transport and 
in allergen-related mechanisms of lymphatic pathologies seen 
in lymphatic filariasis, suggested by studies in Brugia-infected 
dogs (Snowden and Hammerberg, 1989; Orton et al., 1998). 
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EFFECTS OF VARIOUS PHYSICAL AND CHEMICAL FACTORS ON EXCYSTATION OF THE 
ENCYSTED METACERCARIAE OF ECHINOSTOMA CAPRONI 
Bernard Fried and Robert C. Peoples 
Department of Biology, Lafayette College, 204 Kunkel Hall, Easton, Pennsylvania 18042. e-mail: friedb@lafayette.edu 
ABSTRACT: Various physical and chemical factors were studied to determine their effects on the viability of encysted metacer-
cariae of Echinostoma caproni, Viability was equated with chemical excystation in an alkaline trypsin-bile salts (TB) medium, 
Control cysts showed excystation percentages of >90% in TB, Excystation proved to be a more reliable criterion of cyst viability 
than observations by light microscopy, Isolated cysts and cysts left in the snail (in situ cysts) were studied, Generally, in situ 
cysts proved more resistant to various physical and chemical treatments than did isolated cysts, Cysts stored for 7 days at 28 C 
in a Locke's 1: 1 solution showed 97% excystation, suggesting that cysts of this species would survive postal delays during 
shipment. Of numerous marinades tested, the one that was most harmful to isolated and in situ cysts was vinegar, Isolated and 
in situ cysts were killed by boiling (100 C) for 1 or 3 min, but freezing at -10 C did not kill all isolated or in situ cysts after 
24 hr. Concentrations of potassium permanganate ranging from 300 to 1,200 mglL killed most isolated cysts within 5 min, but 
in situ cysts survived these concentrations for 24 hr. Concentrated solutions of NaCI and sucrose had no effect on the viability 
of isolated and in situ cysts, suggesting that their use in food preparations for molluscs would not be effective in killing 
echinostomatid cysts in tainted snail tissues, 
Recent work has been concerned with food-borne trematode 
infections and their transmission to humans and animals by en-
cysted metacercariae in various second intermediate hosts, such 
as fish, crustaceans, insects, and mollusks, as well as transmis-
sion of encysted metacercariae to humans and animals by plants 
(see review in Fried et a!., 2004), Attempts to block transmis-
sion of these cysts to the definitive hosts by use of chemical 
and physical means that kill metacercariae have been relatively 
few, Ashrafi et aI. (2006) described ways of killing fasciolid 
cysts using various chemical and physical agents, They assessed 
the effectiveness of their methods on killing cysts by the use 
of chemical excystation studies and by infecting experimental 
hosts with treated cysts. The latter authors also provided a re-
view of the relatively few other studies on killing fasciolid and 
nonfasciolid cysts, mainly work on heterophyids and other di-
geneans that encysted in fish and crustaceans, Their review did 
not mention studies that attempted to kill echinostomatid and 
brachylaimid metacercariae found in snails. Interest on echi-
nostomatids in snails is of concern because certain ones are 
infective to humans following the consumption of tainted fresh-
water snails (Graczyk and Fried, 1998); likewise, interest in 
brachylaimids exists because metacercariae of these digeneans 
infect humans following the ingestion of tainted land snails 
(Butcher et aI., 1996), Thus, from an economic and medical 
point of view parasitologists and malacologists are interested in 
factors that kill metacercariae in snails. 
As mentioned in several recent reviews (Toledo and Fried, 
2005; Toledo et a!., 2007), the E. caproni-Biomphalaria gla-
brata model is a favorable one for stuBying various aspects of 
trematode-host parasite relationships, In this model, cysts of E. 
caproni can be obtained directly from experimentally infected 
B, glabrata snails or following prolonged storage of encysted 
metacercariae in Locke's solution at 4 C. Moreover, the en-
cysted metacercariae are relatively easy to excyst in vitro with 
the use of an alkaline trypsin-bile salt Earle's medium at 41 C. 
The percentage of excystation in this solution is usually >90% 
(Rossi et aI., 200 I). Chemical excystation is a good indicator 
of the viability of E. caproni cysts, because excysted metacer-
ariae are infective to mice (Rossi et aI., 200 I), A recent study 
(Fried and Peoples, 2007) has shown that chemical excystation 
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of E. caproni metacercariae is a more reliable index of cyst 
viability than judgment by light microscopy alone. In view of 
the above considerations, we describe herein some of the phys-
ical and chemical factors that kill encysted metacercariae of E. 
caproni. We first examined cysts isolated from the kidney/peri-
cardium of experimentally infected B, glabrata snails (hereafter 
referred to as isolated cysts) and then studied cysts within the 
snail host (hereafter referred to as in situ cysts), Our tests in-
clude chemical, physical, and storage studies. 
MATERIALS AND METHODS 
Maintenance and use of the cysts 
Encysted metacercariae (cysts) of E. caproni were dissected from the 
kidney/pericardium of experimentally infected B. glabrata snails as de-
scribed in Rossi et aL (2001), The cysts were stored about 500 per 10 
ml of Locke's 1: 1 solution at 4 C and used within 10 wk poststorage, 
Cysts removed from the snails were referred to as "isolated cysts" to 
distinguish them from those within the snails, which are referred to as 
"in situ cysts," prepared as described in the last paragraph of this sec-
tion, Isolated cysts treated with various chemical and physical agents 
were excysted in an alkaline trypsin-bile salts (TB) medium described 
by Fried and Roth (1974) for the excystation of Parorchis acanthus, 
The TB medium has been used for numerous studies on E. caproni 
(Ursone and Fried, 1995; Rossi et aI., 2001; Fried and LaTerra, 2002), 
Previous studies (Rossi et al., 2001; Fried and LaTerra, 2002) showed 
>90% excystation following treatment of E. caproni cysts in TB for 2 
hr at 41 C. During the chemical and physical tests used in this study, 
trials on approximately 500 isolated cysts stored for 2-10 wk at 4 C 
and treated in TB for 2 hr at 41 C showed 93% excystment, that is, 
472 Qf 508 cysts released active larvae into the medium, Therefore, in 
the present study, chemical and physical treatments that yielded excys-
tation results of 90% or higher were not considered detrimental to the 
viability of E. caproni cysts. 
Although most tests were done on isolated cysts, some were also 
done on in situ cysts. To obtain in situ cysts, juvenile B. glabrata snails, 
about 5-7 mm in diameter, were exposed individually in multiwell 
chambers to about 25-50 cercariae of E. caproni as described in 
Schneck and Fried (2004) to obtain about 12-25 encysted metacercariae 
per snail. Confirmation of the number of cysts per snail was made when 
the chemical and physical tests were done on in situ cysts, These studies 
were done 2-14 days postinfection of the snails, 
Storage treatment 
To simulate possible conditions that cysts may undergo during ship-
ment by first-class mail, 3 samples each of 50-100 isolated cysts were 
stored at 23, 28, or 41 C in shell vials containing 10 ml of Locke's 
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TABLE I. Effects of physical treatments on excystation of isolated and in situ cysts. * 
Isolated cysts In situ cysts 
Treatment Time Total number Number excysted % Excystation Total number Number excysted % Excystation 
Temperature 
-10 C 24 hr 74 23 31.1 12 4 33.3 
-10 C 48 hr 48 0 0.0 17 0 0.0 
-60 C 2 hr 11 0 0.0 33t 0 0.0 
-60 C 24 hr 50 0 0.0 9 0 0.0 
100C 1 min 12 0 0.0 14 0 0.0 
100C 3 min 16 0 0.0 22 0 0.0 
100C 5 min 19 0 0.0 16 0 0.0 
Water content 
Aestivation 24 hr 19 0 0.0 17 15 88.2 
Aestivation 48 hr 12 0 0.0 38t 38 100.0 
Desiccation 24 hr 32 0 0.0 22 21 95.5 
Desiccation 48 hr 76 0 0.0 4:1= 4 ]00.0 
* The number of isolated cysts used per trial ranged from I I to 76. The usual number of in situ cysts per trial ranged from 12 to 25. 
t Indicates the use of a higher number of in sitn cysts than in a typical trial. 
:j: Indicates the use of a lower number of in situ cysts than in a typical trial. 
1: 1. These cysts were subjected to chemical excystation following 7 
days of storage. 
Physical tests 
Both isolated and in situ cysts were subjected to various physical 
tests. Boiling and freezing of cysts were done to simulate possible con-
ditions to which the cysts would be subjected during food preparation. 
Isolated cysts or whole snails containing cysts were placed directly into 
a 50-ml beaker containing 25 ml of boiling deionized water (DI) for 1 
or 3 min. For tests on freezing, isolated cysts and snails with cysts were 
maintained in petri dishes, 6 mm in diameter, each with ] 0 ml of Dl; 
the dishes were maintained at - 10 C for either 24 or 48 hr. To test the 
effects of a colder temperature, isolated and in situ cysts were main-
tained in DI at -60 C for either 2 or 24 hr. Both aestivation (24 C and 
98 % relative humidity) and desiccation (23 C and 45% relative hu-
midity) treatments were done on cysts to determine the effects of water 
loss on cysts over time. Desiccation is a more severe form of water 
deprivation than is aestivation. Isolated and in situ cysts subjected to 
aestivation were kept on moist filter paper placed in a covered finger-
bowl for either 24 or 48 hr. Cysts subjected to desiccation were left in 
open petri dishes for either 24 or 48 hr. 
Potassium permanganate treatment 
Because of its use as a helminth larvicide, its relatively cheap cost, 
and apparent effectiveness in detaching and limiting the viability of 
fasciolid cysts (Ashrafi et aI., 2006), potassium permanganate (KMn04 ) 
was tested to determine its effect on E. caproni cysts. KMn04 was 
diluted with DI (w/v) to achieve concentrations of 300, 600, and 1,200 
mg/L as done by Ashrafi et al. (2006). I,."Qlated cysts were treated for 
either 5 min or 1 hr, washed 3 times with DI water, and then subjected 
to chemical excystation in TB. Because in situ cysts showed a high 
percentage of excystation in all concentrations of KMn04 after 1 hr, 
treatment time was increased to 24 hr. 
Chemical treatments 
The effects of various chemicals on E. caproni cysts were determined 
based mainly on the work of Ashrafi et al. (2006) using ammonium 
hydroxide, acetic acid, hydrochloric acid, and formaldehyde at reagent 
strength or following dilution with DI (v/v) to obtain concentrations of 
50, 25, 12.5, 6.3, and 3.1 %. Absolute ethanol was only tested only at 
full strength. Isolated cysts were treated for 1 hr and then washed 3 
times prior to treatment in TB. Because consumption of snails treated 
with hazardous chemicals poses a health risk, chemical tests on in situ 
cysts were considered not applicable to simulate possible modes of 
metacercariae infections to humans; such tests were not done. 
Treatment with food marinades 
Cysts were treated with various sauces and marinades for 1 hr to 
mimic conditions that cysts would possibly experience during food 
preparation. The following marinades were used: vinegar (Shop Rite, 
Elizabeth, New Jersey), lemon juice and Italian salad dressing (Giant 
Foods, Landover, Maryland), soy sauce (La Choy, Lincoln, Nebraska), 
and Worcestershire sauce (French's Co., Rochester, New York). Sodium 
chloride and sucrose solutions were also used because of their promi-
nent role in human diets; they were tested at concentrations (w/v) of 
20, 10, and 5% with DI as the dilutant. Following treatment in the 
marinades, isolated cysts and snails containing cysts were washed 3 
times with DI water prior to TB treatment. 
RESULTS 
Storage of cysts at various temperatures 
Isolated cysts stored at either 23 or 28 C for 7 days showed 
excystation percentages of >90%, whereas those stored at 41 
C for 7 days showed a marked decline «40%) in excystation. 
The results at 23 C were 55 (91.6%) of 60 excysted; at 28 C, 
142 (96.6%) of 147 excysted; and at 41 C, 19 (39.6%) of 48 
excysted. 
Physical tests 
The results of the physical tests are summarized in Table I. 
Isolated and in situ cysts showed >30% excystation following 
treatment at -10 C for 24 hr. No cyst excysted after 48 hr 
treatment at - 1 0 C. Freezing at - 60 C for 2 or 24 hr killed all 
cysts, as did boiling cysts (100 C) for 1 or 3 min. These results 
were the same for isolated or in situ cysts. Isolated cysts did 
not excyst following aestivation or desiccation, whereas in situ 
cysts excysted at approximately 90% or higher levels (Table I). 
Potassium permanganate treatment 
The 5-min KMn04 test based on Ashrafi et al. (2006) resulted 
in 0 excystation (about 50 isolated cysts per trial) when cysts 
were treated with 600 mg/L or 1,200 mg/L of KMn04. Isolated 
cysts treated in 300 mg/L of KMn04 for 5 min showed 9.0% 
excystation. All cysts (about 50 per trial) were killed in the 
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TABLE II. Effects of l-hr treatment of various marinades, sodium chloride, and sucrose on excystation of isolated and in situ cysts.* 
Isolated cysts In situ cysts 
Treatment Total number Number excysted % Excysted Total number Number excysted % Excysted 
Lemon juice 30 23 76.6 35t 34 97.1 
Soy sauce 30 0 0.0 16 4 25.0 
Worcestershire sauce 32 0 0.0 10 6 60.0 
Vinegar 30 0 0.0 14 0 0.0 
Italian salad dressing 25 4 16.0 12 9 75.0 
5% NaCI 93 90 96.8 13 12 92.3 
10% NaCl 56 52 92.9 10 10 100.0 
20% NaCl 43 39 90.7 14 13 92.9 
5% sucrose 62 56 90.3 12 12 100.0 
10% sucrose 76 74 97.4 10 9 90.0 
20% sucrose 95 88 92.6 12 10 83.3 
* The number of isolated cysts used per trial ranged from 25 to 95. The usual number of in situ cysts per trial ranged from 10 to 16. 
'1' Indicates the use of a higher number of in situ cysts than in a typical trial. 
above-mentioned concentrations when treated for 1 hr. Whole 
snails (in situ cyst tests) treated with KMn04 for 24 hr showed 
high excystation percentages as follows: in 300 mg/L, 25 of 30 
(83.3% excysted); in 600 mg/L, 45 of 48 (93.8% excysted); and 
in 1,200 mg/L, 27 of 32 (84.4% excysted). 
Chemical tests 
All chemicals mentioned in the Materials and Methods killed 
isolated cysts except for 6.3 and 3.1 % HC1, which yielded 55.0 
and 55.5% excystation, respectively. Cysts treated with 3.1 % 
formaldehyde showed 14.3% excystation, whereas cysts treated 
with absolute ethanol yielded 10.4% excystation. 
Treatment in marinades, sodium chloride, and sucrose 
Results of marinades, sodium chloride (NaCl), and sucrose 
on excystation of isolated and in situ cysts are summarized in 
Table II. Excystation did not occur following 1 hr treatment for 
both isolated and in situ cysts in vinegar. All concentrations of 
NaCl and sucrose solutions did not interfere markedly with ex-
cystation of isolated or in situ cysts. However, marinades such 
as Italian salad dressing and lemon juice had a marked effect 
on isolated cysts, but not as dramatic an effect on in situ cysts. 
DISCUSSION 
This is the first study that has examined physical and chem-
ical factors that kill digenean metacercariae that encyst in snails 
in a manner similar to that of Ashrafi et' ai. (2006) for fasciolids 
that encyst on vegetation. In our study, we equated viability 
with the ability of the cyst to undergo chemical excystation and 
release a live juvenile worm. This approach allows for mean-
ingful observations on cyst viability without having to use in-
fection experiments in animal models. Previous studies on E. 
caproni have indicated that the ability of this organism to ex-
cyst is highly correlated with the infectivity of the cyst in ani-
mal models (Chien et aI., 1993; Rossi et al., 2001). 
Some differences are apparent in our echinostomatid study 
compared with that of Ashrafi et ai. (2006) on fasciolids. The 
hardiness of fasciolid cysts is shown by their ability to survive 
treatment with KMn04 for 5 min at concentrations of 300-
1,200 mg/L (Ashrafi et aI., 2006), whereas isolated cysts of E. 
caproni were killed at these concentrations after a 5-min treat-
ment. Apparently, cysts such as fasciolids that encyst in the 
open on vegetation or other surfaces have cyst walls and other 
unknown factors that are more protective to KMn04 than the 
cyst walls of E. caproni that encyst in snails. Species of Echi-
nostoma cercariae in the 37-collar-spined revolutum group oc-
casionally encyst ectopically or on the shells of molluscs (Fried 
and Graczyk, 2004). Based on observations in our study, treat-
ment of molluscan surfaces with KMn04 should kill cysts on 
the shells. 
Cysts within the pericardial/kidney region of B. glabrata in-
fected with E. caproni were generally more resistant to both 
chemical and physical treatments than isolated cysts, suggesting 
that the intact snail provides some protection to the cysts. 
Chemical and physical treatments of intact snails with echino-
stomatid cysts must be more harsh to kill in situ cysts than 
similar treatments on isolated cysts. 
Our literature search did not find evidence of humans feeding 
on B. glabrata snails with or without E. caproni infections. We 
have not seen reports of human infections with E. caproni and 
this trematode in the wild mainly parasitizes various avian and 
aquatic mammalian hosts (Fried and Huffman, 1996). However, 
various molluscan species serve as natural second intermediate 
hosts of echinostomatid trematodes and humans feeding on raw 
or improperly cooked tainted gastropods or bivalves are pos-
sible definitive hosts of these food-borne trematodes. Based on 
our .experiments with the E. caproni-B. glabrata model, boiling 
of such infected snails at 100 C for as little as 1 min may be 
effective in killing cysts, whereas freezing at -10 C for 24 hr 
does not kill all E. caproni cysts in B. gZabrata. Our observa-
tions, at least based on this model, suggest that the use of cer-
tain marinades are ineffective in killing echinostomatid cysts 
and that NaCl or sucrose treatments may not be effective in 
killing them. Treatments using various marinades, salts, and 
sugars may be used by humans in preparing molluscan dishes 
for consumption. It is to be emphasized that such treatments do 
not protect humans from the possibility of contracting echino-
stomiasis from tainted molluscan foods. 
Among the food preservatives tested, the salad dressing had 
little effect on E. caproni cysts (with the exception of Italian). 
Several popular food agents used commonly in countries with 
food-borne zoonotic trematode problems were quite effective 
on isolated cysts, e.g., soy sauce, vinegar, even Worcestershire 
sauce. Although the in situ cysts may be shielded in the case 
of E. caproni, metacercariae of other zoonotic trematodes, e.g., 
species of Fasciola, Paragonimus, Clonorchis, and Opisthor-
chis, might be vunerable to such treatments. 
One of us (B.F.) often supplies cysts of E. caproni to col-
leagues who request this echinostome for teaching or research 
purposes. Whenever possible, the cysts are sent by express mail 
and hopefully reach the recipients within a few days of mailing. 
Occasionally cyst deliveries have been delayed and not reached 
their recipient for 7-10 days; the viability of such cysts was 
always in question. Based on the present observations, we are 
confident that cysts maintained in Locke's 1:1 in transit for 7 
days at temperatures as high as 28 C retain viability. 
Finally, we have not used morphology as a guide to E. cap-
roni cyst viability because light microscopic observations are 
not good indicators of such viability, as documented recently 
by Fried and Peoples (2007). Cysts that appear nonviable by 
light microscopy will often excyst when treated in the TB me-
dium. More critical morphological studies by light and trans-
mission electron microscopy are needed to correlate the mor-
phological events that occur during the death of this cyst. 
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ECOLOGICAL AND DEVELOPMENTAL DYNAMICS OF A HOST-PARASITE SYSTEM 
INVOLVING A SEA ANEMONE AND TWO CTENOPHORES 
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ABSTRACT: The lined sea anemone Edwardsiella lineata has evolved a derived parasitic life history that includes a novel body 
plan adapted for life inside its ctenophore hosts. Reputedly its sole host is the sea walnut, Mnemiopsis leidyi, a voracious 
planktivore and a seasonally abundant member of many pelagic ecosystems. However, we have observed substantially higher E. 
lineata prevalence in a second ctenophore species, the ctenophore predator Beroe ovata. The interplay among these 3 species 
has important conservation consequences as M. leidyi introductions are thought to be responsible for the severe depletion of 
numerous commercial fisheries in the Mediterranean basin, and both E. lineata and B. ovata have been proposed as biological 
controls for invasive M. leidyi. Over a 3-yr period (2004-2006), we collected 8,253 ctenophores from Woods Hole, Massachusetts, 
including M. leidyi, B. ovata, and a third ctenophore, Pleurobrachia pileus, and we recorded E. lineata infection frequencies, 
parasite load, and parasite location. We also conducted laboratory experiments to determine the likely mechanisms for parasite 
introduction and the effect of each host on parasite development. We observed peak E. lineata infection frequencies of 0% in P. 
pileus, 59% in M. leidy!, and 100% in B. ovata, suggesting that B. ovata could be an important natural host for E. lineata. 
However, in laboratory experiments, E. lineata larvae proved far more successful at infecting M. leidyi than B. ovata, and E. 
lineata parasites excised from M. leidyi exhibited greater developmental competence than parasites excised from B. ovata. 
Although we show that E. lineata is efficiently transferred from M. leidyi to B. ovata when the latter preys upon the former, we 
conclude that E. lineata larvae are not well adapted for parasitizing the latter species and that the E. lineata parasite is not well 
adapted for feeding in B. ovata; these developmental and ecological factors underlie the host specificity of this recently evolved 
parasite. 
Parasitism has profoundly impacted biodiversity and organ-
ismal evolution (Hudson et aI., 2006; Lafferty et aI., 2006; 
Smith et aI., 2006). Parasites are implicated in the evolution of 
sex (VanValen, 1973), they have driven the evolution of im-
mune systems (Klein and Niko1aidis, 2005), and they continue 
to exert pervasive influence on contemporary mating systems 
(Becheikh et aI., 1998; Thomas et aI., 1999; Moore and Wilson, 
2002), Furthermore, in the midst of the ongoing biodiversity 
crisis, parasites have assumed a prominent position in the field 
of conservation biology. In concert with other causal factors, 
parasites can contribute to precipitous declines in locally threat-
ened populations (Lafferty and Kuris, 1999; Daszak et aI., 
2001; Smith et aI., 2006), and the impact of parasites may be 
magnified by global climate change (Poulin and Mouritsen, 
2006), At the same time, parasites are being evaluated as po-
tential biological controls against destructive invasive specjes 
(Thresher et aI., 2000; Goddard et aI., 2005; Toepfer et aI., 
2005), Indeed, whether an introduced species exhibits reduced 
vulnerability to attacks from natural enemies, including para-
sites, may determine whether it becomes a destructive invader 
(Mitchell and Power, 2003; Torchin et aI., 2003), 
Critical determinants of a parasite's ecological impact include 
its abundance, mode of transmission, bost specificity, and tro-
phic level (Poulin, 2007), The mode of transmission and host 
specificity are reflected in a parasite's life history and how its 
ontogeny responds to relevant environmental cues from poten-
tial hosts (Thomas et aI., 2002), Therefore, the development of 
a parasite is inextricably linked to its ecological impact as the 
flexibility of the developmental program will partially deter-
mine the flexibility of the parasite's host usage, 
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The lined sea anemone, Edwardsiella lineata, previously 
known as Fagesia lineata or Edwardsia Zeidyi (Verrill, 1873; 
Daly, 2002), is a recently evolved parasite that affords several 
important advantages for studying the linkage between devel-
opment and ecology, Edwardsiella lineata is known to parasit-
ize the ctenophore Mnemiopsis Zeidyi (Crowell, 1965, 1976; Bu-
mann and PuIs, 1996) and has also been reported to occur with-
in the ctenophore Beroe ovata (Bumann and PuIs, 1996). It is 
potentially the only parasitic species in the Edwardsiidae. How-
ever, there is a single published report of a larva later identified 
as Edwardsia carnea being recovered from the ctenophore BoZ-
inopsis sp. (Stephenson, 1935). EdwardsieZla lineata has re-
tained the ancestral adult body plan (the benthic polyp) and 
major elements of the ancestral developmental program (devel-
opment of the polyp from a planula larva), but it has also 
evolved the ability to assume a novel body plan that is clearly 
adapted for parasitizing its ctenophore host (Fig. 1) (Crowell, 
1965, 1976; Crowell and Oates, 1980). 
Three factors make E. lineata a particularly informative and 
tractable model parasite for studying the interplay of develop-
ment and ecology. First, the parasitic form of E. Zineata can be 
easilx collected in infected ctenophores. Second, we have dis-
covered that when E. Zineata is excised from its host, it under-
goes a rapid developmental transformation, where it morphs 
from the nonciliated, vermiform body plan it exhibits as a par-
asite into the ciliated, fusiform body plan typical of a planula 
larva (Reitzel et aI., 2006). Third, the subsequent development 
of this planula is plastic: (1) if provided with a second host, the 
planula can reinfect another ctenophore and revert to the par-
asite body plan; (2) if it is denied a second host, the planula 
can develop into a free-living polyp (Reitzel et aI., 2006). 
Edwardsiella Zineata may have a profound effect on coastal 
ecosystems (Bumann and PuIs, 1996), particularly if it acts to 
depress the population of M. leidyi, a voracious planktivore that 
is widely invasive and is implicated in the crash of commer-
cially important fisheries (Finenko et aI., 2006). However, we 
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FIGURE 1. Three stages in the life history of the lined sea anemone, 
Edwardsiella lineata. (A) The adult polyp. (B) The parasite. (C) The 
planula larva. (Abbreviations: mo = mouth, ms = mesentery, ph = 
pharynx, tn = tentacle.) 
currently have little empirical data on E. lineata's abundance, 
mode of transmission, host specificity, or trophic level. At least 
3 potential ctenophore hosts exist in its native range, and these 
ctenophores occupy 2 different trophic levels. Likewise, there 
are no data describing how E. lineata's ontogeny is impacted 
by its host or hosts. 
Over a 3-yr period, we collected 8,253 ctenophores repre-
senting 3 different species from Great Harbor in Woods Hole, 
Massachusetts (7,472 M. leidyi, 181 B. ovata, and 600 Pleu-
robrachia pileus). We monitored the E. lineata infestation level 
in each ctenophore species as a function of date and ctenophore 
size, and we scored the location of parasites within hosts. We 
also performed laboratory experiments to identify the route(s) 
of infection, and we tracked the development of individual par-
asites excised from B. ovata and M. leidyi host ctenophores. 
Our results strongly suggest that M. leidyi is the prefeITed host 
and possibly the only suitable natural host for E. lineata. Al-
though B. ovata can become more heavily infested with E. li-
neata than M. leidyi in the wild, B. ovata appears to be an 
inadvertent host that acquires E. lineata parasites principally, if 
not solely, from feeding on infected M. leidyi. Furthermofe, E. 
lineata's competence to complete development from the para-
site to the adult polyp is affected by both its size and the ter-
minal host it occupies. Development proceeds more quickly and 
successfully when M. leidyi is the terminal host. In light of 
these new data, we reevaluate the suitability of E. lineata as a 
biological control for invasive populations of M. leidyi, as has 
recently been suggested (Bumann arid Puis, 1996). 
MATERIALS AND METHODS 
Ctenophore collection 
Mnemiopsis leidyi, Pleurobrachia pileus, and Beroe ovata were col-
lected from Great Harbor in Woods Hole, Massachusetts. Collections 
were made from a rock jetty that extends south-southeast for a distance 
of approximately 40 m from the shore. We made multiple sweeps with 
plankton nets along the jetty and gently lifted the ctenophores from the 
water. Although our collections may accurately represent the species 
composition of the ctenophore fauna in the vicinity of the jetty on each 
collection day, we did not attempt to standardize our collection effort 
across collection days, so we cannot directly compare ctenophore abun-
dance at different times. Ctenophores were placed in containers of sea-
water for transport to the laboratory of the Boston University Marine 
Program located in Boston, Massachusetts. Upon returning to the lab-
oratory, ctenophores were sized and scored for parasitic infections. 
Ctenophore size measurements 
To determine the relationship between host size and parasite load, we 
measured the body length of M. leidyi and B. ovata. We did not measure 
P. pileus because we did not recover any individuals infested with E. 
linea/a. The body length of M. leidyi was measured as the straight-line 
distance from the apical organ to the tip of I of the oral lobes. Where 
the 2 lobes varied in size, the larger lobe was used for the measurement. 
The body length of B. ovata was measured as the straight-line distance 
from the apical organ to the tip of mouth. Previous research has shown 
that ctenophore body length is significantly correlated with ctenophore 
mass for both of these species (Anninsky et a!., 2005). 
AnalysiS of parasite location within ctenophores 
Freshly collected, parasite-infected M. leidyi and B. ovata were 
placed in finger bowls containing 50 ml of artificial seawater. The lo-
cation of each parasite's mouth within the ctenophore host was scored 
with the aid of a dissecting microscope. The 2 species of ctenophores 
differ in morphology, especially in the digestive tract. Mnemiopsis leidyi 
has a long pharynx that extends over most of the body length. In con-
trast, B. ovata has a large mouth cavity and a very short pharynx (Fig. 
2). We scored whether parasites were located in primary digestive struc-
tures (pharynx, stomach) or secondary digestive structures (radial ca-
nals). 
Parasite infection experiments 
Individual, parasite-free M. leidyi (n = 50) and B. ovata (n = 16) 
were placed in finger bowls containing 100 ml artificial seawater, along 
with individual E. lineata parasites that had been previously excised 
from other hosts. Following excision, the parasites were kept in isolation 
from potential ctenophore hosts for approximately I day; this causes 
the vermiform parasites to develop into mobile ciliated planulae larvae 
(Reitzel et a!., 2006). In addition, we placed parasite-free B. ovata in 
bowls of 300 ml seawater with infected M. leidyi (n = 7). Beroe ovata 
ate the infected M. leidyi within 5 min of introduction. For all trials, 
observations were made at 24 hr. 
Parasite development experiments 
Edwardsiella lineata parasites were removed from freshly caught M. 
leidyi (n = 46 parasites) and B. ovata (n = 93 parasites). Parasite length 
(straight-line distance along the oral-aboral axis) was measured with the 
aid of a dissecting microscope. After being measured, specimens were 
individually cultured .. at room temperature (18 C) in artificial seawater 
(salinity = 33 parts per thousand). The parasites were monitored daily 
for I of 2 outcomes, i.e., settlement as a benthic polyp or death. Tentacle 
number and polyp length (straight-line distance from the tip of the 
mouth to the base of the foot) were recorded at the time of settlement. 
Data analysis 
Parasite load and localization: We analyzed the relationship between 
host size and parasite load using linear regression. We also sorted par-
asites according to their location (primary digestive structures [pharynx, 
stomach] versus secondary digestive structures (radial canals]) and ac-
cording to the parasite load of their hosts (lightly infected hosts 1=1-4 
parasites per host] versus heavily infected hosts [2:5 parasites per host]). 
To determine whether parasite number influenced parasite location with-
in each species, we performed chi-squared tests using Pearson statistics 
(JMP). All relationships that were found to be significant (P :s 0.05) 
using Pearson tests were also significant according to likelihood ratio 
tests. 
Developmental outcomes: To determine the effect of host species on 
developmental outcome of the parasite, we regressed the percentage of 
parasites that were able to develop into polyps against the time since 
the parasite was extracted from the host. Data from M. leidyi and B. 
ovata were separately fit to Boltzman functions using OriginPro (v. 
7.5885; Origin Lab Corporation; Northampton, Massachusetts). To de-
termine the relationship between parasite length and developmental out-
come, we regressed the percentage of parasites that were able to develop 
into polyps against parasite body length. Separate regressions were per-
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FIGURE 2. Two ctenophore species monitored in this study. (A) Beroe ovata infected with 5 -Edwardsiella lineata parasites (arrows) scattered 
about the body, primarily along the radial canal system. (B) Diagram of B. ovata showing large oral cavity. (C) Mnemiopsis leidyi infected with 
several E. lineata parasites (arrows) clustered around the stomach. -(D) Diagram of M. leidyi showing relationship of pharynx, stomach, and radial 
canals. 
formed on data from M. leidy; and B. ovata. In addition, we log-trans-
formed the body length data and determined 95% confidence intervals 
around each regression (JMP, v. 5.0.1). We tested for differences in the 
slopes of the regressions fit to the M. leid,i' and B. ovata data using a 
t-test (Kleinbaum et a I. , 1988). Additionally, the syslin procedure (SAS; 
SAS Corp., Cary, North Carolina) was used to fit regression lines to 
each relationship via the "iterative seemingly unrelated regressions" 
(ITSUR) method. We tested the null hypothesis that the 2 models are 
equal using an F-test (SAS Institute, 1999; Nichols et aI. , 2004). We 
also regressed the time to settlement and the size of the polyp at the 
time of settlement against the size of the excised parasite. 
RESULTS 
Ctenophore abundance and parasite infection frequency 
Along the coastline of New England, M. leidyi becomes sea-
sonally abundant during the late summer, and its numbers de-
cline markedly by the early winter (Fig. 3). Our ctenophore 
collections were conducted at Woods Hole, Massachusetts, on 
45 days over a 3-yr period, including 10 days in 2004 (begin-
ning on 24 August and ending on 5 December), 24 days in 
2005 (beginning on 29 May and ending on 6 November), and 
11 days in 2006 (beginning on 7 July and ending on 20 Octo-
ber). Overall we collected 7,472 M. leidyi (1,469 in 2004,4,138 
in 2005, 1,865 in 2006). 
Our most thorough sampling of M. leidyi occurred in 2005, 
when we attempted to collect ctenophores on a roughly weekly 
basis from late May through late November (Fig. 3). We first 
succeeded in collecting M. leidyi in late June, after 4 failed 
attempts in late May and early June. Our collection data suggest 
that the M. leidyi population may have peaked in late September 
or early October, after which it underwent a dramatic decrease. 
We were able to collect in excess of 500 M. leidyi on 26 Sep-
tember, while we collected only 12 on 16 October. Interestingly, 
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FIGURE 3. Field observations of the number of ctenophores collect-
ed in 2004-2006 and their frequency of infection with Edwardsiella 
lineata parasites. 
the population appeared to rebound somewhat after this date 
(Fig. 3). #.' 
The first 372 M. leidyi we collected (between 26 June and 9 
August) were entirely free of parasites (Fig. 3). The prevalence 
then climbed on 2 successive collection days (to 15% on 16 
August and 29% on 21 August), and then fell on 2 successive 
collection days (to 13% on 6 September and 5% on 12 Septem-
ber). The prevalence then climbed dramatically again over the 
next 3 collection days, reaching a peak prevalence of 35% on 
September 26. The prevalence fell yet again, and on 15 October 
we collected 12 M. leidyi that were entirely free of E. lineata. 
In 2004 we did not begin collecting M. leidyi until mid-Au-
gust, and at this time the ctenophore was already very abundant 
(Fig. 3A). Both the abundance of M. leidyi and the prevalence 
appeared to vacillate in a manner similar to 2005 with an in-
crease in parasite infection followed by a decline through No-
vember . 
In 2006 M. leidyi appeared to peak earlier than in 2004 or 
2005, i.e., in late September or early October, and it disappeared 
by early October (Fig. 3). During our collection of 9 October 
2006, we were unable to collect any M. leidyi, and we did not 
observe the species again through our final sampling time point 
in late October. The rapid and apparently early decline of M. 
leidyi in 2006 coincided with a rapid increase in the apparent 
abundance of B. ovata, a major predator upon M. leidyi. Woods 
Hole lies just north of B. ovata's usual range, and in a typical 
summer, this predacious ctenophore does not make an appear-
ance (S. Tamm and M. Martindale, pers. comm.). However, in 
2006 we began to observe B. ovata in small numbers in mid-
September. Its abundance appeared to peak in early October. 
Through October, B. ovata declined sharply, but it persisted for 
several weeks after the apparent disappearance of its prey, M. 
leidyi . 
The parasite prevalence differed dramatically between M. lei-
dyi and B. ovata in 2006 (Fig. 3). Of 150 M. leidyi collected 
on 3 July 2006, only 3% were infected with E. lineata. The 
percentage of M. leidyi that harbored parasites increased to 
nearly 60% by 16 July, and, thereafter, the observed prevalence 
ranged between 35 and 60% until M. leidyi disappeared from 
Great Harbor in late October. This range of infection frequen-
cies is broader, but substantially overlaps the infection frequen-
cies we observed in 2004 and 2005. In contrast, 100% of the 
B. ovata we collected on 18, 21, and 23 September were in-
fested with E. lineata. Only after M. leidyi disappeared from 
Great Harbor did the proportion of infected B. ovata drop below 
100%, down to 96% on 9 October and 86% on 20 October. 
A third ctenophore was abundant in Great Harbor in 2004, 
2005, and 2006, i.e., the tentaculate cydippid, P. pileus. On both 
26 June 2005 and 30 October 2005, we collected 300 P. pileus 
and scored them for the presence of E. lineata parasites. None 
of these 600 animal harbored parasites, despite the fact that 
15% of 226 M. leidyi collected on 30 October 2005 were in-
fested. During subsequent collections in 2005 and 2006, we 
continued to inspect the P. pileus we captured, and we never 
observed a parasitized individual. 
Parasite number and ctenophore size 
Most of the infected ctenophores that we collected harbored 
multiple E. lineata parasites. While the overall size range of 
the 2 ctenophore species was similar, the mean number of par-
asites per individual and the relationship between host size and 
parasite load varied substantially between ctenophore species. 
The infected M. leidyi contained an average of 1.97 ± 0.92 
parasites per ctenophore in 2004 (range = 1-9, n = 84), 2.27 
± 0.52 parasites per ctenophore in 2005 (range = 1-7, n = 
359), and 3.41 ± 2.96 parasites per ctenophore in 2006 (range 
= 1-20, n = 252). The infected B. ovata contained an average 
of 13.88 ± 14.59 parasites per ctenophore (range = 1-64, n = 
124). 
In M. leidyi, we observed no correlation between ctenophore 
size and the number of parasites per host (Fig. 4A; n = 507, 
R2 = 2.77 X 10-7, P = 0.99). Among parasitized B. ovata, there 
was a significant positive correlation between ctenophore size 
and the number of parasites per host (Fig. 4B; n = 138, R2 = 
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FIGURE 4. Relationship between ctenophore size and parasite load 
for (A) Mnemiopsis leidyi (n = 507, R2 = 5 X 10-6, P = 0.99) and (D) 
Beroe ovata (n = 138, R2 = 0.65, P < 0.0001). The explanatory power 
of ctenophore size to predict multiplicity of infection decreased during 
the season (18 September to 20 October) after the disappearance of M. 
leidyi (inset). 
0.65, P < 0.0001). Although this relationship is significant for 
5 of the 6 time points over which these data were collected (P-
value range for each significant time point: 0.0000 < P-value 
< 0.0173), the explanatory power of ctenophore length de-
creased as the season progressed, with R2 decreasing from 0.80 
on 18 September to 0.25 on 20 October (Fig. 4B, inset). 
.J 
Parasite location within ctenophores 
Parasite location was scored with reference to the gastrovas-
cular system. Food enters the mouth and passes from the phar-
ynx through the stomach to the radial canals, becoming pro-
gressively smaller due to both mechanical (ciliary) breakdown 
and enzymatic digestion. The radial canal system is much more 
extensive than the rest of the gastrovascular system combined, 
i.e., the 8 radial canals each run the entire length of the animal, 
under the overlying ctene rows (Fig. 2). 
The parasite's feeding ability is limited by its small gape. Its 
location relative to the digestive system is, therefore, critical 
because this determines the size of the food particles that will 
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a significant difference in the percentage of parasites that occupy the 
pharynx/stomach or the radial canals in (A) M. leidyi parasitized by 4 
or fewer anemones versus (D) those parasitized by 5 or more anemones 
(df = 1,106, X2 = 7.133, P = 0.0076). No significant relationship be-
tween the number of parasites per ctenophore and parasite location was 
observed in B. ovata (df = 1,159, X2 = 1.66, P = 0.197). The sample 
size above each bar (n) indicates the number of ctenophore hosts ex-
amined. 
be encountered. In singly infected M. leidyi, 79% of the para-
sites were located within the pharynx or stomach (15119), while 
only 21 % were located within the much more extensive radial 
canal system (Fig. 5A). The propensity of parasites to settle 
witnin the pharynx or stomach is consistent between hosts in-
fected by 4, or fewer, parasites. We could detect no significant 
difference in parasite location among hosts infected by 1, 2, 3, 
or 4 E. lineata. However, parasite location differs significantly 
between ctenophores infected by 4 or fewer parasites (73 E. 
lineata in 36 hosts) and ctenophores infected by 5 or more 
parasites (35 E. lineata in 6 hosts), with a higher fraction of 
parasites located in the stomach or pharynx of ctenophores in-
fected by:=;4 parasites (~67%) than in those ctenophores in-
fected by 2':5 parasites (~40%; df = 1,106, X2 = 7.133, P = 
0.0076). 
In contrast to M. leidyi, when B. ovata was infected by 3 or 
fewer E. lineata, the parasites were always located in the radial 
canals, never along the pharynx or stomach (Fig. 5B). In B. 
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ovata harboring a greater number of E. lineata, a small pro-
portion of parasites (~8%, n = 146 parasites in 17 ctenophores) 
were located along the pharynx-stomach, but a majority of par-
asites were still located in the radial canals. 
Laboratory infection of host ctenophores 
Laboratory experiments indicate that infestation by E. lineata 
likely occurs via different routes in M. leidyi and B. ovata (Fig. 
6). We excised E. lineata parasites from both M. leidyi and B. 
ovata and subsequently exposed them to uninfected ctenophores 
of the same species from which they were extracted. Within 
several hours of excision, the vermiform parasites developed 
into ciliated planula larvae. When single planulae were intro-
duced into small finger bowls with live M. leidyi, nearly 20% 
of the ctenophores were infected with E. lineata after 24 hr (n 
= 50). We observed that the planulae could enter M. leidyi via 
2 different routes, i.e., some entered via the mouth, and then 
burrowed through tissue in the pharynx, while others entered 
through the outer body wall and then burrowed through the 
mesoglea to settle adjacent to the gastrovascular system. 
In contrast to M. leidyi, when E. lineata larvae were added 
to fingerbowls containing B. ovata, we observed no infected 
ctenophores after 24 hr (n = 16). Larvae were still swimming 
in the cultures after this period. However, when M. leidyi in-
fected with E. lineata parasites were fed to B. ovata, approxi-
mately 80% of B. ovata were infected with E. lineata after 24 
hr, and 64% of the parasites harbored by the infected M. leidyi 
had been successfully transferred to B. ovata. 
Parasite development and settlement after excision from 
hosts ~, 
Previous literature suggests that if a parasite is excised from 
its host and allowed to develop in the absence of a second 
ctenophore host, it will typically develop into an adult polyp 
(Reitzel et al., 2006). We excised 46 parasites from M. leidyi 
and 93 parasites from B. ovata and cultured them in the absence 
of a second ctenophore host. The parasites extracted from M. 
leidyi were monitored over a period of 17 days, and the para-
sites extracted from B. ovata were monitored over a period of 
54 days. Eighty-three percent of the parasites excised from M. 
leidyi survived for at least 17 days, and nearly 65% (30/46) 
successfully settled and underwent metamorphosis to form 
adult polyps (Fig. 7A). By contrast, only 48% (45/93) of the 
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that terminal host species (P < 0.0001) but not parasite length (P = 0.139) significantly affected time to settlement (Model R2 = 0.2198, df = 
3,73, P = 0.0004). (D) Polyp length was a function of terminal host species (P = 0.0017) and parasite length (P = 0.0491; Model R2 = 0.1598, 
df = 3, 73, P < 0.0051). For both models an interaction term was included in the model and failed to indicate a significant interaction. These 
multivariate analyses utilized only those data points within the overlapping x-axis range, i.e., 0-7 rom). Statistical values on the panels indicate 
the results of univariate analyses and include all data points in each scatter plot for both species. Although the relationships between the outcome 
variables (1) time to settlement and (2) polyp length were not a function of parasite length when B. ovata was the terminal host (a = 0.05), the 
best-fit lines for these univariate relationships as per least-squares regression are provided for reference. 
parasites excised from B. ovata survived and underwent meta-
morphosis over 54 days, with the rest dying during the course 
of the experiment. 
Regardless of host species, E. lineata did not begin settle-
ment for at least 3 days after extraction. Of the 30 parasites 
excised from M. leidyi that survived to metamorphosis, more 
than 50% had settled by 8 days post-extraction and 79% had 
settled by day 14. No additional individuals settled over the 
next 3 days prior to termination of the experiment. Parasites 
from B. ovata required more time to settle. Of the 45 parasites 
excised from B. ovata that survived to metamorphosis, only 
32% had settled by day 14, 50% by day 23, and 79% by day 
40 (Fig. 7 A). 
The size of parasites excised from each host species is a 
significant predictor of whether a parasite will settle into a pol-
yp (Figs. 7B, C). Parasites excised from B. ovata (mean ± SD: 
3.38 ± 1.93 mm) were significantly smaller than those excised 
from M. leidyi (5.74 ± 1.49 mm; df = 137, t = -7.12, P < 
0.0001; t-test assumes unequal variance). For both B. ovata and 
M. leidyi, initial parasite length is a strong predictor of likeli-
hood of settling as a polyp (R2 = 0.737, P = 0.006 and R2 = 
0.928, P < 0.0001, respectively; Fig. 7B). This relationship was 
not significantly different between parasites extracted from each 
host (t-test of regression parameters: di = 15, t = 1.06, P = 
0.3059; proc syslin: F l , 4 = 0.20, P = 0.670). The lack of a 
host-effect is supported by overlapping 95% confidence inter-
vals surrounding the regression lines for each host, which show 
M. leidyi confidence thresholds lie entirely within the 95% con-
fidence interval range of B. ovata (Fig. 7C). 
Time to settlement varied significantly between species (Figs. 
7 A, 8A). A multivariate regression was used to test for depen-
dence of time to settlement upon (1) parasite length and (2) 
terminal host. Terminal host significantly affected time to settle 
(P < 0.0001) while neither parasite length (P = 0.1392) nor an 
interaction term (P = 0.2706) significantly affect the time it 
took an excised parasite to settle. Nonetheless, terminal host 
explains only a small fraction of the variation within the timing 
of parasite metamorphosis (R2 = 0.2198; Fig. 8A). 
For parasites extracted from M. leidyi, the body length of the 
excised parasite correlated significantly with the body length of 
the polyp that resulted after settlement (Fig. 8B, R2 = 0.216, P 
= 0.0074). Conversely parasite length exhibited no relationship 
with polyp size for parasites extracted from B. ovata (R2 = 
0.0311, P = 0.2409). A multivariate analysis indicates that both 
parasite length and terminal host significantly affect polyp 
length (model R2 = 0.1598, df = 3,73, P = 0.0051), with polyp 
length increasing by 0.12 mm for every 1 mm increase in par-
asite length (P = 0.0491) and polyps being larger on average 
by 0.32 mm in individuals extracted from B. ovata (P = 
0.0017). There was no significant interaction effect between 
host and parasite length (P = 0.8836). 
DISCUSSION 
Gelatinous zooplankton: poorly understood pelagic hosts 
Parasites are known to exert profound impacts on coastal 
ecosystems (Poulin, 2004), but the existing host-parasite data 
are biased toward terrestrial and freshwater systems (McCallum 
et al., 2004). One significant gap in our knowledge of marine 
systems concerns gelatinous zooplankton. Gelatinous zooplank-
ton are a major component of pelagic food webs (e.g., Brodeur 
et al., 1999; CIESM, 2001), and their importance may be in-
creasing because of ocean warming (Mills, 2001; Sullivan et 
al., 2001; Purcell, 2005). However, very few host-parasite stud-
ies have been performed on gelatinous zooplankton (Spaulding, 
1972; McDermott et al., 1982; Arai, 2005). The present study 
is the first to directly monitor parasitic infection frequencies in 
gelatinous zooplankton in the wild and the first to directly in-
vestigate host specificity, a key determinant of a parasite's eco-
logical impact. 
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Evidence of host specificity for Edwardsiella lineata 
Edwardsiella lineata has only been observed to parasitize 
ctenophores. However, even if E. lineata is specific to this phy-
lum, Woods Hole is inhabited by multiple ctenophore species 
that occupy different trophic levels, for example, M. leidyi and 
P. pileus feed on the planktonic larvae of fish and invertebrates, 
while B. ovata preys on other ctenophores, primarily M. leidyi. 
Over the previous century, a number of reports have described 
M. leidyi as a host for E. lineata (Hargitt, 1912; Crowell, 1965, 
1976; Crowell and Oates, 1980; Bumann and PuIs, 1996), and 
a single published report describes E. lineata infesting B. ovata 
(pers. comm. by A. Moss and S. Tarnm, cited in Bumann and 
PuIs, 1996). However, these studies provided no direct evidence 
regarding host preference or host specificity because they did 
not monitor E. lineata prevalence in the field, and they did not 
compare infection mechanisms or developmental outcomes 
across species. 
By directly comparing the prevalence of infection in 3 dif-
ferent ctenophore species, we found peak prevalence (PP) and 
mean parasite load (MPL) in B. ovata (PP = 100%, MPL = 
13.88, n = 181) to be substantially higher than peak infection 
and average parasite load in M. leidyi (PP = 60%, MPL = 1.97, 
n = 7,472) or P. pileus (PP = 0%, MPL = 0, n = 600). By 
themselves, these data would suggest that E. lineata is a semi-
selective parasite of ctenophores in Woods Hole, with a greater 
effective host preference for B. ovata than for M. leidyi. How-
ever, our parasite infection experiments reveal that E. lineata 
planulae are far more adept or far more inclined to parasitize 
M. leidyi than B. ovata. 
The data on parasite length and development suggest that E. 
lineata may not be well adapted for feeding in B. ovata. The 
mean body length of parasites embedded in B. ovata is signif-
icantly less than the mean body length of parasites embedded 
in M. leidyi. Because the principal mechanism by which E. 
lineata enters B. ovata is via ingestion of infected M. leidyi, the 
parasites must undergo shrinkage after coming to reside within 
B. ovata. Such shrinkage is clearly maladaptive, as parasite 
length is an important predictor of developmental competence, 
Le., smaller parasites are less likely to complete development 
and form an adult polyp. However, while the likelihood or suc-
cessful metamorphosis is solely a function of size, the speed of 
metamorphosis is solely a function of terminal host. Even small 
parasites extracted from M. leidyi that were able to survive and 
undergo metamorphosis did so more rapidly than parasites ex-
cised from B. ovata. The longer time period necessary for meta-
morphosis may reflect a poorer nutri!ipnal state of those para-
sites excised from B. ovata, or they may be somehow devel-
opmentally delayed. 
It is also significant that parasite location differs dramatically 
between M. leidyi and B. ovata as parasite location relates to 
feeding efficiency. In M. leidyi the parasites exhibit a strong 
preference for locating themselves in the pharynx or stomach, 
particularly the stomach (Figs. 2C, 5); e.g., when only a single 
parasite is infecting a ctenophore, 80% of the time it will settle 
in the pharynx or stomach. The stomach is quite small, but all 
of the food that has been ingested must pass through this struc-
ture, and the food reaching this point has already undergone 
extensive mechanical and enzymatic digestion; the stomach, 
therefore, represents an ideal location for a gape-limited gut 
parasite. As the available space surrounding the pharynx and 
stomach decreases with a higher parasite load, an increasing 
fraction of parasites take up residence outside of this "preferred 
location" (Crowell, 1976), suggesting that parasites preferen-
tially settle in certain portions of the ctenophore hosts. Parasites 
embedded in B. ovata do not exhibit a preference for the stom-
ach or pharynx; they are more likely to be located adjacent to 
the radial canals, but this may merely reflect the fact that the 
radial canal system is far more extensive than the pharynx and 
stomach combined. 
The likely influence of host feeding mode on parasitic 
infection 
Sea anemone larvae (Cnidaria; Anthozoa; Actinaria) have 
evolved the ability to parasitize gelatinous zooplankton on at 
least 2 occasions. In addition to E. lineata (Edwardsiidae), the 
planula larva of Peachia parasitica (Haloclavidae) is parasitic 
on the scyphozoan Cyanea sp. (McDermott et al., 1982), and 
the larvae of Peachia quinquecapitata parasitize mUltiple spe-
cies of hydromedusae (Spaulding, 1972). Planulae may be pre-
disposed toward becoming parasitic on gelatinous zooplankton 
because they routinely gain access to the potential host's inter-
nal body cavity, and if they can avoid being digested, life inside 
a jellyfish could afford many advantages relative to a free-living 
existence, e.g., protection from some predators, greater dispers-
al ability, and an abundant supply of food. 
The probability that a planula can gain entry into a cteno-
phore or cnidarian medusa is likely influenced by the potential 
host's feeding mode. The feeding mode of the 3 ctenophores 
tracked in this study differs significantly, likely impacting their 
,susceptibility to E. lineata infection. Pleurobrachia pileus em-
ploys 2 long, pennate tentacles to snare small zooplankton in-
cluding copepods, cladocerans, larval molluscs, larval fish, and 
fish eggs (Mutlu and Bingel, 1999). Captured food is brought 
to the small mouth via coordinated contractions of the tentacles 
and movements of the body (Tarnm and Moss, 1985). Presum-
ably, the mouth opens only briefly, and relatively little water is 
ingested during feeding. This feeding mode would limit the 
ability of E. lineata to infect P. pileus through the mouth. Pleu-
robrachia pileus has been shown to harbor the nematode Hys-
terothylacium aduncum, an important internal parasite of 
farmed sea trout, but the mechanism of introduction has not 
been identified (Mutlu and Bingel, 1999). Though it feeds on 
the same general type of prey as P. pileus, M. leidyi is an 
atentaculate, lobate ctenophore that utilizes a ram feeding 
mechanism (Costello and Case, 1998). When feeding, M. leidyi 
swims with its mouth open, ingesting water as it captures small 
planktonic animals, e.g., copepods and larval molluscs, (Mutlu, 
1999). This feeding mode provides ample opportunity for E. 
lineata to enter the mouth of M. leidyi, one of the principal 
avenues by which the parasite was able to infect M. leidyi in 
our laboratory infection experiments. Finally, B. ovata employs 
gape-and-suck feeding to capture and ingest M. leidyi (Matsu-
moto and Harbison, 1993). The mouth is open only briefly, and 
that may partially explain why planulae did not successfully 
parasitize B. ovata during our laboratory infection experiments. 
However, B. ovata's predation on M. leidyi renders it ex-
tremely vulnerable to E. lineata infection from ingesting para-
sitized M. leidyi. Over the first 3 wk of its occurrence at Woods 
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Hole in 2006, 100% of B. ovata were infected with E. lineata, 
in most cases with 10 or more parasites. The prevalence only 
decreased after M. leidyi had disappeared from Woods Hole. In 
addition, parasite load was positively correlated with host size 
in B. ovata. Larger B. ovata have presumably ingested more 
infected M. leidyi, thereby acquiring more parasites. This cor-
relation implies that the rate of parasite uptake exceeds the rate 
of parasite loss, an inference consistent with our laboratory in-
fection experiments. We demonstrated that E. lineata parasites 
are efficiently transferred from M. leidyi to B. ovata when B. 
ovata feeds upon M. leidyi, and, once transferred, these para-
sites can remain stably embedded in their new terminal host for 
at least 48 hr. Interestingly, later in the season, after the dis-
appearance of M. leidyi, the correlation between host size and 
parasite load begins to break down. Through October 2006 we 
collected many small (40-60 mm) but heavily infected B. ova-
ta. We suspect that these represent formerly large adults that 
have undergone starvation-induced shrinkage. Adult B. ovata 
lose an average of 9.4% body mass per day when starved for 
18 days in a laboratory setting (Anninsky et aI., 2005). 
Although it is not yet known how E. lineata impacts the 
physiology or fitness of B. ovata, quantifying the parasite load 
allows us to estimate B. ovata's consumption of M. leidyi. For 
example, we recovered individual B. ovata harboring as many 
as 64 parasites. Assuming 2.1 parasites per infected M. leidyi 
(the average parasite load over the period that M. leidyi and B. 
ovata co-occurred at Woods Hole in 2006) and a transfer effi-
ciency of 64% (based on laboratory infection experiments), we 
estimate that this single B. ovata consumed at least 67 M. leidyi. 
The actual number is likely higher because this estimate does 
not account for parasite loss from B. ovata. This represents the 
first empirically based estimate of ctenophore on ctenophore 
predation in the wild. This is important because ctenophores 
represent an important component of pelagic food webs, and 
their trophic contributions have rarely been quantified (Finenko 
et al., 2006). Furthermore, B. ovata has been suggested as an 
important biological control for invasive populations of M. lei-
dyi (Vinogradov et al., 2005). 
Edwardsiella lineata as a biological control 
Mnemiopsis leidyi is native to the east coast of North Amer-
ica, but it was introduced to the Black Sea in the early 1980s, 
presumably in ship ballast water. Lacking predators in its intro-
duced range, this voracious zooplankton predator increased in 
density to >1 kg/m2 by 1989 (Vinogradov et al., 1989). At the 
same time, commercially important .flsh populations experi-
enced precipitous declines (Kideys, 2002). Mnemiopsis leidyi 
then spread from the Black Sea to other nearby seas, including 
the Caspian and Aegean (Vinogradov et aI., 1989; Shiganova, 
Kamakin et aI., 2001; Knowler, 2005; Finenko et al., 2006) and 
the Azov and Marmara (GESAMP, 1997). More recently, in-
vasive populations of M. leidyi have spread to other northern 
European seas including the North (Faasse and Bayha, 2006), 
Baltic (Javidpour et aI., 2006), and the Skagerrak (Hanson, 
2006). A recent computer model based on data from the Cas-
pian Sea indicates that, if unchecked, the M. leidyi density will 
tend to exceed the level at which pelagic fisheries could recover 
from ctenophore predation (Finenko et al., 2006). At the same 
time, persistent increases in ctenophore density in the waters 
off the northeast United States suggest that M. leidyi could be-
gin to cause declines in commercially important fisheries within 
its native range (Link and Ford, 2006). 
The consequences of E. lineata infection can mimic the ef-
fects of food deprivation in M. leidyi. Mnemiopsis leidyi adults 
are known to decrease in size and density following population 
crashes of their zooplankton prey. One laboratory study noted 
a 9.3% reduction in wet mass per day in starved M. leidyi 
during an 8-day study (Anninsky et aI., 2005). Another labo-
ratory study of infected M. leidyi found that E. lineata could 
successfully purloin all of the food eaten by its host, leading to 
starvation-induced shrinkage and a reduction in fecundity (Bu-
mann and PuIs, 1996); this study demonstrates that E. lineata 
could negatively impact the reproductive rate of M. leidyi. 
However, it is difficult to determine the actual impact of E. 
lineata on M. leidyi in the native range because there are little 
published data documenting the frequency and abundance of E. 
lineata parasites, and there are no data comparing the fecundity 
of parasitized and unparasitized ctenophores in the wild. Field 
data from Long Island, New York (Freudenthal and Joseph, 
1993), and Woods Hole, Massachusetts (Crowell, 1976), report 
large variation in seasonal and interannual abundance of E. li-
neata larvae. Interestingly, our data from 2004 and 2005 seem 
to show that steep increases in the E. lineata prevalence fore-
shadow steep declines in the M. leidyi population (Figs. 3A-
B). 
The fact that E. lineata can infect B. ovata is a complicating 
factor when considering its possible utility as a biological con-
trol for M. leidyi. Beroe ovata is a selective predator on M. 
leidyi in locations where the native ranges of these animals 
overlap, and it has been suggested as a biological control for 
invasive M. leidyi in the Black Sea (Bumann and PuIs, 1996; 
GESAMP, 1997). The data presented here suggest that a single 
B. ovata can consume more than 67 M. leidyi in a matter of 
days. Although the introduction of B. ovata was never officially 
sanctioned, its recent appearance in the Black Sea is credited 
for the precipitous decline of invasive M. leidyi populations and 
the associated recovery of the anchovy fishery (Shiganova, Bul-
gakova et aI., 2001'; Vinogradov et aI., 2002; Finenko et aI., 
2003; Vinogradov et al., 2005). 
If either B. ovata or E. lineata are to be considered as po-
tential biological controls for invasive M. leidyi populations, we 
need to develop a better understanding of their direct and in-
direct ecological interactions. All 3 species may eventually co-
occur outside their native ranges, if they haven't already; both 
ctenophores have already become established outside their na-
tive"ranges, and as either ctenophore can harbor significant 
numbers of E. lineata, it is likely the parasitic stage of the sea 
anemone will be introduced outside its range. Whether the 
anemone can become established outside its range will depend 
upon whether the adult stage of the life history can survive and 
reproduce, thus completing the life cycle. The indirect inter-
actions among these 3 species might also be influenced by the 
large number of organisms that may reside on or in E. lineata, 
M. leidyi, or B. ovata. Ctenophores are known to harbor nu-
merous species of epibiont protozoa that are likely to be trans-
ported to new habitats (Moss et al., 2001). 
The combined effects of B. ovata and E. lineata on M. leidyi 
populations are difficult to predict. The effects of B. ovata and 
E. lineata could be strictly additive, or the 2 species might act 
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synergistically to drive M. leidyi popUlations more sharply 
downward. However, if E. lineata has negative fitness conse-
quences for B. ovata, particularly if E. lineata impacts B. ovata 
more negatively than M. leidyi, it is possible that the presence 
of E. lineata could undermine efforts to control M. leidyi using 
B. ovata. On the other hand, in the event that E. lineata has a 
similarly detrimental effect on both M. leidyi and B. ovata, the 
simultaneous deployment of E. lineata and B. ovata could serve 
as an effective control on M. leidyi populations that would be 
self-limiting, as B. ovata blooms could be controlled by the 
parasitic anemones. This third result seems particularly impor-
tant given that B. ovata may generalize its ecological niche to 
include feeding on other gelatinous zooplankton, including na-
tive ctenophores and jellyfish. 
Based on the many unanswered questions and based on our 
data regarding infection frequency, we have doubts regarding 
the utility of E. lineata as a biological control for invasive pop-
ulations of M. leidyi. At Woods Hole, the infection frequency 
in M. leidyi seldom exceeds 40%, while the infection frequency 
in B. ovata consistently approaches 100%. Even though E. li-
neata has been shown to reduce the growth rate and fecundity 
of M. leidyi (Bumann and PuIs, 1996), if E. lineata infection 
reduces the fitness of B. ovata even slightly, the effect of adding 
E. lineata to an ecosystem already harboring M. leidyi and B. 
ovata could be a net increase in the M. leidyi popUlation. Ad-
ditionally, before the introduction of E. lineata is seriously con-
sidered, the ecological impact of the adult polyp would have to 
be determined. Dense mats of adult E. lineata have been re-
ported in some regions of North America (Crowell and Oates, 
1980; Daly, 2002), but the feeding habits, population stability, 
and reproductive output of these adults are unknown. On top 
of all of these ecological uncertainties, E. lineata is implicated 
as a causative agent in seabather's eruption, a skin irritation in 
humans (Freudenthal and Joseph, 1993). The potential negative 
impacts of E. lineata on humans, B. ovata, and nontarget spe-
cies do not currently recommend it as a biological control for 
M. leidyi. 
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CLONING OF CHITINASE-UKE PROTEIN1 CDNA FROM DICYEMID MESOZOANS 
(PHYLUM: DICYEMIDA) 
Kazutoyo Ogino, Kazuhiko Tsuneki, and Hidetaka Furuya 
Department of Biology, Graduate School of Science, Osaka University, 1-1 Machikaneyama, Toyonaka, Osaka 560-0043, Japan. 
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ABSTRACT: Dicyemid mesozoans are endoparasites found in the renal sacs of benthic cephalopods. Adult dicyemids insert the 
distinct anterior region, termed a "calotte," into renal tubules of the host. We cloned cDNA encoding chitinase-like protein from 
the dicyemid Dicyema japonicum (Dicyema-clpl), and also cloned the gene fragment corresponding to the cDNA. Dicyema-clp1 
has the hydrophobic amino acid-rich region, but not the chitin-binding domains at the C terminus. Analyses using the SignalP 
prediction program suggest this hydrophobic amino acid-rich region is the anchor sequence to plasma membranes. The putative 
catalytic site in glycol8 domain exhibited 1 substitution from aspartic acid to asparagine. The gene fragment had short 9 introns 
(22-26 bp), and the coding sequence consisted of 10 exons (30-233 bp). Specific and strong expression of Dicyema-clp1 was 
detected in the calotte of vermiform stages by whole mount in situ hybridization. N-acetyl-D-glucosamine was detected on the 
outer surface of both peripheral cells of dicyemids and epidermal cells of host renal appendages. Dicyema-clp appears to be 
associated with N-acetyl-D-glucosamine in the interface between dicyemid peripheral cells and epidermal cells of the host renal 
appendage, and possibly aids in adhering the calotte to host epidermal cells. 
Dicyemid mesozoans (Phylum: Dicyemida) are endopara-
sites, or endosymbionts, typically found in the renal sac of ben-
thic cephalopod molluscs, such as octopus and cuttlefish. The 
body organization of dicyemids is very simple, consisting of 
only 9-41 cells, with neither body cavities nor differentiated 
organs. The body is organized in a 2-layer structure consisting 
of a single central cylindrical cell, surrounded by a ciliated cell 
sheet. The cylindrical cell is an axial cell, and the outer cell 
sheet consists of peripheral cells. 
The dicyemids have been considered as primitive animals 
and the out-group of all metazoans (van Beneden, 1876; Hy-
man, 1940, 1956; Lapan and Morowitz, 1975), or as secondarily 
reduced animals, referring the simple body organization to the 
result of specialization of parasitism (Nouvel, 1947; Stunkard, 
1954; Ginetsinskaya, 1988). Recent molecular phylogenetic 
studies have suggested that the dicyemids are not primitive an-
imals, as considered previously, but are metazoans (Katayama 
et aI., 1995; Pawlowski et aI., 1996; Siddall and Whiting, 1999), 
probably belonging to lophotrochozoans (Kobayashi et al., 
1999). Telford et aI. (2000) analyzed the mitochondrial genetic 
code of concatenated Cox I, II, and III sequences from the 
dicyemids, and reported that the dicyemids have the canonical 
invertebrate mitochondrial genetic code, suggesting that the di-
cyemids are at least triploblastic. Zrzavy (2001) reviewed the 
interrelationships of metazoan parasites based on recent mor-
phological and molecular phylogenetic analyses, and suggested 
that the Mesozoa is closely related to Acoelomorpha. These 
recent studies have revealed that dicyemids might not be truly 
primitive animals deserving the name of mesozoans, whereas 
other authors consider dicyemids to be a primitive animal be-
cause dicyemids have several protozoan-like features (Nota et 
al., 2003; Nota and Endoh, 2004; Awata et aI., 2005, 2006; 
Czaker, 2006). Thus, the phylogenetic position of dicyemids is 
still uncertain, and they remain one of the most interesting 
groups of lower invertebrates. 
The renal sac of cephalopods is a unique environment, pro-
viding living space for parasites (Hochberg, 1982, 1983, 1990). 
Vermiform individuals live exclusively within the renal sac. 
They insert the distinct anterior region, termed a "calotte," into 
renal tubules or crypts of the renal appendages of the host (Fu-
Received 11 April 2007; revised 7 June 2007; accepted 7 June 2007. 
ruya et aI., 1997, 2003; Furuya, Ota et al., 2004; Furuya and 
Tsuneki, 2005; Furuya, 2006) and appear to adhere to the renal 
epithelium via cilia of ca10tte peripheral cells (Ridley, 1968). 
However, the specific mechanisms of adherence are unclear. 
In this investigation, we analyzed cDNA sequences by ran-
dom sequencing to examine various aspects of dicyemid biol-' 
ogy. We succeeded in cloning cDNAs that encode for a chiti-
nase-like protein from the dicyemid D. japonicum. Logically, 
it could therefore be surmised that the dicyemid chitinase cat-
alyzes the degradation of chitin or its derivatives. However, 
several previous ultrastructural studies indicate that dicyemids 
have no chitinous structures, which are found predominantly in 
the exoskeltons of insects and crustaceans (Bresciani and Fen-
chel, 1965, 1967; Ridley, 1968, 1969; Matsubara and Dudley, 
1976a, 1976b; Furuya et aI., 1997). Czaker (1998) reported the 
presence of an extremely thin outer extracellular matrix on the 
dicyemid peripheral cells with the use of the ruthenium-red 
technique for detection. We examined this matrix and found 
that it is possibly N-acetyl-D-glucosamine (monomers of chitin). 
Chitinase has been detected in a variety of organisms, i.e., 
bacteria, fungi, piants, and animals. Merzendorfer and Zimoch 
(2003) reviewed the diverse function of chitinase, including di-
gestion of chitins, modification of structural components, and 
defense against pathogens. In lower invertebrates, only 2 chi-
tinase-like proteins have been cloned from the hydra (Mali et 
al., 2004) and the oyster Crassostrea gigas (Badariotti et a1., 
2006). In the present study, we report the cloning of cDNA 
e!lcoding chitinase-like protein and its expression pattern. 
MATERIALS AND METHODS 
Cloning of cDNA and corresponding gene fragment 
Dicyemids (D. japonicum; see Furuya et al., 1992) were removed 
from the renal sac of host octopus (Octopus vulgaris) with a pipette. 
Dicyema misakiense from O. vulgaris was also included in the study. 
The life cycle and the morphology of dicyemids are shown in Figure 
1. Contaminating host cells in the dicyemid suspension were carefully 
removed and discarded with the use of a pipette and a stereomicroscope. 
The collected dicyemids were washed several times with the artificial 
seawater. 
Total RNA was extracted with the use of TRlZOL reagent (Invitro-
gen, Carlsbad, California). Subsequently, a cDNA was synthesized from 
1 ILg of total RNA by BD SMART RACE cDNA Amplification Kit 
(BD Biosciences, Franklin Lakes, New Jersey). In this reaction, we used 
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BD SMART@> A Oligonucleotide and oligo dT adapter primer (5'-AA 
CTGGAAGAATTCGCGGCT1sVN-3') instead of packed oligo dT 
primer. Using this procedure, we obtained cDNAs with the adapter se-
quence at both 5' and 3' end. These adapter sequences were then used 
as the priming sites for cDNA amplification by PCR. 
It was difficult to obtain the first-strand dicyemid cDNA in sufficient 
quantity to construct the cDNA library, so we amplified the first-strand 
cDNA by PCR with the use of BD Advantage 2 Polymerase Mix (BD 
Biosciences). The PCR product was ligated into the pGEM-T vector 
(Promega, Madison, Wisconsin), which was introduced to JM109 com-
petent cell by the heat-shock method. We randomly picked up a trans-
formed cell and extracted a plasmid containing dicyemid cDNA. The 
cloned cDNA was then sequenced with Bigdye terminator v3.1 and ABI 
3700 auto sequencer (Applied Biosystems, Foster City, California). 
We cloned fragments of genes from dicyemid genomic DNA to iden-
tify intron-exon structures by PCR with the use of oligonucleotides that 
were designed based on a cDNA terminal sequence. Cloned gene frag-
ments were aligned with the corresponding cDNA clone, and gaps ob-
served in cDNA sequence were considered as intron sequences. 
Phylogenetic analysis 
Phylogenetic trees were constructed based on the deduced amino acid 
sequence alignment, which was made with ClustalX (Thompson et aI., 
1997) and Bioedit version 7.041 (Hall, 1999). The alignment files were 
analyzed with Modelgenerator version 0.81 (Keane et aI., 2004) to ob-
tain the best-fit model. Construction of phylogenetic trees was per-
formed with the use ofMRBAYES version 3.12 (Huelsenbeck and Ron-
quist, 2001; Ronquist and Huelsenbeck, 2003) with the use of the best-
fit model. The constructed phylogenetic trees were viewed with Tree-
view1.66 (Page, 1996). 
AnalysiS of amino acid sequences 
BlastX homology search was done on DDBJ (http://www.ddbj.nig. 
ac.jp/search/blast-j.html). Alignments were prepared as described above. 
BioEdit was used for translation from the DNA sequence to the amino 
acid sequence. Isoelectric point, molecular weight, and amino acid com-
position were estimated by ProtParam (Gasteiger et aI., 2005; see 
http://au.expasy.orgltools/protparam.html). The protein localization sites 
were predicted by PSORT2 program (Nakai and Horton, 1999; see 
http://psort.ims.u-tokyo.ac.jpl). N-terminal signal peptides were esti-
mated by SignalP 3.0 (Nielsen et al., 1997; Nielsen and Krogh, 1998; 
Bendtsen et aI., 2004; see http://www.cbs.dtu.dkiservices/SignalPI). In 
alignment and signal peptide analysis, we used sequences with higher 
scores in the BlastX homology search as follows: Bos taurus, acidic 
mammalian chitinase precursor (UniProt accession number, Q95M17); 
Paralichthys olivaceus, chitinase2 (Q75WB8); Paralichthys olivaceus, 
chitinase1 (Q75WB9); Brachydanio rerio, Zgc:55406 (Q6NZZ8); Phle-
botomus papatasi, midgut chitinase (Q4L129); Homo sapiens, eDsino-
phil chemotactic cytokine (Q5VUV4); and H sapiens, acidic mamma-
lian chitinase precursor (Q9BZP6). 
Detection of gene expression 
We amplified DNA fragments from cloned cDNA by PCR. The prim-
er sequences were 5'-ACAACAAGGTCACTTCACTG-3', and 5'-TT 
TCATACCCCAACCAATAA-3' (Fig. 2). The fragment was ligated to 
a pGEM-T plasmid (Promega), and we uSied this plasmid for a synthesis 
of Dig-labeled RNA probe. The length of inserted cDNA was 708 bp. 
Digoxygenin-labeled RNA probes were made by in vitro transcription 
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from the linearized plasmid by Dig RNA labeling kit (Roche, Basel, 
Switzerland). We used Ncol and Not! to linearize the plasmid. T7 or 
SP6 RNA polymerase (Roche) was used in the in vitro transcription to 
synthesize an antisense RNA probe, and a sense RNA probe as a neg-
ative control for hybridization. 
The interval in each step took 15 min to make a drop of dicyemids 
at the bottom of the microtubes. The dicyemids were washed 5 times 
and then were fixed in 4% paraformaldehyde in 0.5 M NaCI and 0.1 
M MOPS buffer overnight at 4 C. After fixation, the dicyemids were 
dehydrated in an ethanol series (30%, 50%, 70%) for 10 min each and 
stored in 70% ethanol at - 30 C. The dicyemids were rehydrated in an 
ethanol series (70%, 50%, 30%) for 5 min each, and then were washed 
3 times in PBT (phosphate buffer saline, diluted from lOX concentra-
tion solution by DEPC-water, pH 7.4, and 0.1 % Tween 20). The hy-
drated dicyemids were partially digested by protease K (0.5 ILg/ml in 
PBS) for 15 min at 37 C. 
After digestion, the dicyemids were washed in PBT, then fixed in 4% 
paraformaldehyde in PBS for 60 min at room temperature, and then 
washed 4 times in PBT for 5 min at room temperature. After washing, 
they were incubated in the following serial steps: in 50% hybridization 
buffer (5X SSC, 1% SDS, 50% formamide) in PBT for 10 min at room 
temperature, in hybridization buffer for 10 min at room temperature, 
and in hybridization buffer for 1 hr at 50 C. After incubation, DIG 
labeled RNA probe was added to the hybridization buffer and the sam-
ple was incubated overnight at 50 C. 
The dicyemids were washed in the following serial steps: in 5X SSCI 
50% formarnidell % SDS for 20 min at 50 C; in 2X SSCI50% form-
amide/1 % SDS for 20 min at 50 C; in 2X SSCT (2X SSC and 0.1 % 
Tween) for 15 min at 50 C twice; in IX SSCT (IX SSC and 0.1% 
Tween) for 15 min at 50 C twice; in 0.5X SSCT (0.5X SSC and 0.1 % 
Tween) for 15 min at 50 C twice; and in 0.2X SSCT (O.lX SSC and 
0.1 % Tween) for 15 min at 50 C twice. The dicyemids were then 
washed in blocking buffer (0.5% skim milk in 0.1 M tris-HCI) for 5 
min, incubated in blocking buffer for 60 min, then placed at 4 C for 
10 min before adding antibody. Antibody was added in 1/2,000 volume 
of the suspension of dicyemids. The antibody reaction was conducted 
overnight at 4 C. 
Dicyemids were washed 4 times in PBT for 15 min at room temper-
ature, then twice in Detection buffer (100 mM tris-HCl pH9.5, 100 mM 
NaCl, 50 mM MgC12) for 15 min at room temperature. After washing, 
NBTIBCIP stock solution (Roche) was added in 8 ILl per ml. 
A negative control experiment with a Dig labeled sense RNA probe 
using the same procedure as that for in situ hybridization with a Dig 
labeled antisense RNA probe was also conducted. No signal was de-
tected in the negative control experiment. 
Sequences for Dicyema-clpl cDNA, and Dicyema-clpl gene frag-
ment have been deposited in DDBJ under accession numbers 
AB299856 and AB299857, respectively. 
FITC-Iabeled WGA binding assay 
When dicyemids were detected in the kidney of the host cephalopods, 
small pieces of renal appendages with attached dicyemids were removed 
and fixed in methanol overnight at room temperature. Small pieces of 
renal appendages were also smeared on glass slides, and immediately 
fixed in methanol overnight at room temperature. Fixed renal append-
agl<S were embedded in paraffin and sectioned. The FITC-Iabeled WGA 
binding assay was carried out using the sections and smears. Specimens 
were washed with phosphate-buffered saline (PBS) for 5 min at room 
temperature twice, and treated with neuraminidase (Seikagaku Corpo-
FIGURE 1. Life cycle of dicyemids. The life cycle of dicyemids consists of 2 phases of different body organization: (left) the vermiform stages, 
in which the dicyemid exists as a vermiform embryo formed asexually from an agamete (AG), and as a final form, the nematogen or rhombogen; 
and (right) the infusoriform embryo that develops from a fertilized egg produced around the hermaphroditic gonad called the infusorigen (IN). 
The infusorigen itself is formed from an agamete. A high popUlation density in the cephalopod kidney may cause the shift from an asexual mode 
to a sexual mode of reproduction (Lapan and Morowitz, 1975). However, it remains to be understood how infusoriform larvae develop into 
vermiform stages in the new host. In Dicyema japonicum, the head peripheral cells are composed of 4 propolar cells (PR), 4 metapolar cells 
(MP), and 2 parapolar cells (PP). Together, they form a cephalic swelling. The propolar and metapolar cells have dense cilia and form the calotte 
(CL). Ten diapolar cells (DP) make up the trunk peripheral cells. The caudal peripheral cells are uropolar cells (UP). Other abbreviations: A, 
apical cells; AN, axial cell nucleus; AX, axial cell; DI, developing infusoriform embryo; DV, developing vermiform embryo; VI, ventral internal 
cell. 
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GCA AAT TAC GTG GAA AGT AAA GGA CTA GCT GGG ATG TTC GTC TGG 
ANY V E S K G LAG M F V W 
ACG TTG GAT TAT GAC GAT TTT TCT GGA AAT GAG TGC AAC AAT GGG 
T L D Y D D F S G N E C N N G 
GAA AGT CCC CTG ATT GCT GCT GTG CAT GAA GGG TTG GGG CTA AAG 
ESP L I A A V H E G L G L K 
AAG AAT GCT ACG CAC AAG GGC ATC CAA CAT AGA TTT 
K 
1216 TTA ATT TAA CTG CTA ACA GTT TCT TTC TTG GTT GCT AAC TTT CTA 
406 * 
1261 ATC CTC GAT TT- 1299 
45 
15 
90 
30 
135 
45 
180 
60 
225 
75 
270 
90 
315 
105 
360 
120 
405 
135 
450 
150 
495 
165 
540 
180 
585 
195 
630 
210 
675 
225 
720 
240 
765 
255 
810 
270 
855 
285 
900 
300 
945 
315 
990 
330 
1035 
345 
1080 
360 
1125 
375 
1170 
390 
1215 
405 
1260 
420 
FIGURE 2. cDNA sequence and amino acid sequence of Dicyema-clpl. Arrowhead indicates the location of putative N-terminal cleavage site. 
Box encloses conserved sequences for catalytic activity. Reversed characters represent essential amino acids for catalytic activity. Shaded area 
represents C-terminal hydrophobic amino acid-rich region. Asterisk indicates the terminal codon. Underlined sequences represent the primer 
sequences used to amplify the template cDNA for in vitro transcription. 
ration, Tokyo, Japan) to remove the sialic acids, because WGA binds 
to the N-acetyl-D-glucosamine, its oligomer/polymer, and the sialic ac-
ids. The specimens were treated with 25 mU neuraminidase in PBS for 
30 min at 37 C, and the FITC-Iabeled WGA was applied for 30 min at 
room temperature. We conducted pokeweed mitogen (PWM) experi-
ments to examine the WGA binding to either the oligomer or polymer. 
The PWM binds to N-acetyl-D-glucosamine polymers and inhibits the 
binding of WGA to chitin. A PWM solution (50 fLg/ml in PBS) was 
applied onto specimens for 30 min at room temperature. The concen-
tration of FITC-labeled WGA was 2 fLg/ml in PBS. After binding of 
FITC-WGA, the specimens were washed with PBS for 5 min at room 
temperature 3 times. We conducted an inhibition experiment with the 
use of chitotriose to check the specificity of WGA binding. FITC-WGA 
was mixed with 1% chitotriose, and incubated for 30 min at room tem-
perature before it was applied onto specimens. Specimens were ob-
served with a fluorescence microscope (Olympus BX50F4, Tokyo, Ja-
pan) at magnifications up to 1,000X. 
RESULTS 
Cloning of cDNA 
Cloned dicyemid cDNA had the highest degree of sequence 
homology with the acidic mammalian chitinase precursor of B. 
taurus based on BlastX search of DDBJ server. The identity of 
amino acid sequences between the bovine and the dicyemid was 
33%, and e-value was 2e-S7. This cDNA is termed here as D. 
japonicum chitinaselike protein (Dicyema-clpl). 
This gene did not show a strong grouping tendency with 
others by molecular phylogenetic analyses based on deduced 
amino acid sequences (Fig. 3). The phylogenetic tree showed 
that the branch of Dicyema-clp1 was located between the fungi 
and metazoans. 
The length of Dicyema-clp1 cDNA was 1,270 bp, except for 
the polyA tail. The cDNA includes full-length coding sequences 
of 1,221 bp, starting with an ATG at position 3 and ending with 
TAA at position 1,221, and also contains S'UTR of 2 bp and 
3'UTR of 47 bp (Fig. 2). The coding sequence corresponds to 
a protein of 406 amino acid residues (Fig. 2), with a calculated 
molecular mass of 46.4 kDa. The theoretical isoelectric point 
of Dicyema-clp 1 inferred from the amino acid sequences was 
8.26, similar to chitinase-3-like protein precursors, which show 
more than 8.00 isoelectric point (Table I). 
Expression of Dicyema-clp1 
The expression of Dicyema-clp1 was detected in calottes of 
vermiform stages, fully formed vermiform embryos, nemato-
gens, and rhombogens (Fig. 4a--c), but not in infusoriform em-
bryos and gonads, or their developmental stages (Fig. 4b, d, e). 
In the vermiform stages, Dicyema-clp1 expression increased as 
individuals grew. Thus, this gene was expressed more weakly 
in the calotte of vermiform embryos than in nematogens and 
rhombogens (Fig. 4a--c). We also performed whole mount in 
situ hybridization using D. misakiense, the species found to-
gether with D. japonicum in o. vulgaris renal sacs, employing 
an RNA probe transcribed from cDNA of D. japonicum. The 
expression pattern in D. misakiense was similar to that for D. 
japonicum (Fig. 4f). 
Cloning of gene fragment and determination of 
exonJintron structure ~ , 
We isolated 11 chitinase gene fragment clones corresponding 
to the eDNA sequence by PCR with a set of primers designed 
from the terminal sequence of eDNA. The length of the gene 
fragment was 1,476 bp. The exonlintron structure was deter-
mined by comparison between the cDNA sequences and cor-
responding gene fragment sequence (Fig. Sa). The gene frag-
ment had 9 short introns (22-26 bp), and the coding sequence 
consists of 10 exons (30-233 bp) (Table II). All introns iden-
tified in this study followed the GT-AG rule (Fig. Sb). 
Introns are categorized into 3 types, phase 0, phase 1, and 
phase 2 (Fedorov et aI., 1992; Long et aI., 1995; Tomita et al., 
1996; Long and Deutsch, 1999). The phase 0 intron was located 
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H. virens class V chitinase 
T. harzianum endochitinase 
I Dicyema-clpl 
r----- B. malayi chitinase 
1---- H. echinata chitinasel 
P. olivaceus chitinase2 
1.00 B. taurus AMCase 
'---------11.00 
1.00 M. musculus AMCase 
0.87 
0.78 
H. sapiens AMCase 
x. tropicalis chia-prov 
R. norvegicus chitinase-3-like protein 
0.68 
B. taurus chitinase-3-like protein 
S. scrofa chitinase-3-like protein 
0.99 D. meianogasterCG1869 
1.00 
A. aegypti Brain chitinase (AAEL004897) 
T. castaneum chitinase7 
0.65 H. armigera chitinase 
r------- C. gigas clpl 
A. aegypti brain cMinase (AAELOI2467) 
D. melanogaster CG2989 
_0.1 
FIGURE 3. Phylogenetic tree of chitinase-like protein constructed by 
Bayesian method. Each posterior probability is indicated on each node. 
Bar represents the number of substitutions per site. Accession numbers 
of sequences used in phylogenetic analysis: Aedes aegypti brain chiti-
nase AAELOl2467 (QI6M05), A. aegypti brain chitinase AAEL004897 
(QI7BM9), Brugia malayi chitinase (M73689), Bos taurus AMCase 
(Q95MI7), B. taurus chitinase-3-like protein I (P30922), Crassostrea 
gigas clpl (AJ971241), Dicyema japonicum Dicyema-clpl 
(AB299856), Drosophila melanogaster CG2989 (Q9W2Z3U), D. me-
lanogaster CGl869 (Q960MO), Helicoverpa armigera chitinase 
(Q4W4S9), Homo $apiens AMCase (Q9BZP6), Hydractinia echinata 
chitinasel (AJ634589), Hypocrea virens class V chitinase (AF397020), 
Mus musculus AMCase (Q91XA9), Paralichthys olivaceus chitinase2 
(Q75WB8), Rattus norvegicus chitinase-3-like protein I (Q9WTVl), 
Sus scrofa chitinase-3-like protein I (Q29411), Tribolium castaneum 
chitinase7 (QOZ942), Xenopus tropicalis chia-prov protein (Q5CZZ2), 
Tricoderma harzianum endochitinase (AY02842 I). 
between codons, whereas the phase 1 and 2 introns were located 
within codons. The phase 1 intron is located between the first 
and the second nucleotides, and the phase 2 intron is located 
between the second and the third nucleotides. The Dicyema-
clp 1 gene has 6 phase 0 introns, 2 phase 1 introns, and 1 phase 
2 intron. 
Domain structure of Dicyema-clp1 
Dicyema-clp1 has the glycosyl hydrolase 18-family domain 
(Glyco18 domain), including the catalytic domain. This Gly-
co18 domain is found in bacteria, plants, fungi, and animal 
chitinases, and includes a catalytic domain (Watanabe et al., 
1993). Four conserved regions have been reported in the amino 
acid sequence of insect chitinase (Kramer and Muthukrishnan, 
1997; de la Vega et al., 1998; Zhu et aI., 2004). Among these 
1408 THE JOURNAL OF PARASITOLOGY, VOL. 93, NO.6, DECEMBER 2007 
TABLE I. Isoelectric point. The isoelectric point was estimated theoretically with Protparam, a computer program service provided on Expasy 
server. The data were listed in order of BlastX score. 
Accession 
number Organism 
AB299856 Dicyema japonicum 
Q95M17 Bos taurus 
Q75WB8 Paralichthys olivaceus 
Q75WB9 P. olivaceus 
Q6NZZ8 Brachydanio rerio 
Q4Ll29 Phlebotomus papatasi 
Q5VUV4 Homo sapiens 
Q9BZP6 H. sapiens 
Q9lXA9 Mus musculus 
Q5NKGO Oncorhynchus mykiss 
Q16M05 Aedes aegypti 
Q803B7 B. rerio 
QOVGG6 H. sapiens 
Q9VZV2 Drosophila melanogaster 
Q960MO D. melanogaster 
Q8AV87 Gallus gallus 
Q9W2Z3 D. melanogaster 
Q6PHU7 B. rerio 
Q7SYA8 B. rerio 
Q6TH31 B. rerio 
QOZ942 Tribolium castaneum 
Q9WTV1 Rattus norvegicus 
Q6RY07 R. norvegicus 
Q75WB7 P. olivaceus 
Q17BM9 Ae. aegypti 
Q7ZVFl B. rerio 
Q29411 SUS scrola 
Q9D7Q1 Mus musculus 
Q86LZ2 Lutzomyia longipalpis 
Q83PQO Capra hircus 
P30922 B. taurus 
Q3V2C9 M. musculus 
regions, region 2 is the catalytic part of the enzyme, in which 
the residue E functions as a proton donor for hydrolytic reac-
tions (Watanabe et al., 1993; Lu et aI., 2002). In addition to E, 
2 amino acids are required for catalytic activity in the bacterial 
chitinase (Figs. 2, 6) (Watanabe et al., 1993, 1994; van Aalten 
et aI., 2001) and the insect chitinase (Lu et al., 2002). These 3 
amino acids are comparable to the sites 0139, 0141, and E143 
of Oicyema-clpl; however, 0141 is replaced by N in Dicyema-
clpl (Fig. 2). Most animal chitinases also have a chitin-binding 
domain (CBD) at the C terminus, but Dicyema-clpl lacks this 
domain (Fig. 6). ~ , 
Analysis on terminal region of Dicyema-clp1 
Chitinase generally has a signal peptide and the cleavage site 
for secretion at the N terminus. We analyzed both the N- and 
C-terminal amino acid sequences of Oicyema-clpl with the use 
of the software SignalP 3.0 (Bendtsen et aI., 2004). This 
SignalP 3.0 implements 2 predictors based on neural network 
and hidden Markov model algorithms, as in the earlier version. 
To improve the predictive performance of program, a neural 
network and hidden Markov model algorithms were trained 
with the use of a larger data set of amino acid sequences for 
eukaryotes, and Gram-negative and Gram-positive bacteria than 
Isoelectric 
Definition point 
Chitinase-like protein1 8.26 
Acidic mammalian chitinase precursor 5.36 
Chitinase2 5.39 
Chitinase1 6.31 
Zgc:55406 5.96 
Midgut chitinase 5.74 
Eosinophil chemotactic cytokine 5.54 
Acidic mammalian chitinase precursor 5.54 
Acidic mammalian chitinase precursor 4.91 
Chitinase 5.52 
Brain chitinase and chia 5.29 
Zgc:55941 5.71 
Chitotriosidase 6.55 
CG1869-PA 7.82 
LD45559p 5.96 
CBPch04 5.34 
CG2989PA 4.95 
Zgc:65788 6.40 
Zgc:63792 6.51 
Eosinophil chemotactic cytokine 6.32 
Chitinase7 7.25 
Chitinase-3-1ike protein 1 precursor 8.93 
Acidic mammalian chitinase precursor 4.87 
Chitinase3 5.39 
Brain chitinase and chi a 6.06 
Zgc:56053 5.95 
Chitinase-3-like protein I precursor 8.97 
Chitotriosidase-1 precursor 5.66 
Midgut chitinase 6.64 
Chitinase-3-1ike protein precursor 8.97 
Chitinase-3-like protein I precursor 8.87 
Chitinase-3-1ike 4 5.80 
that used in training for the earlier version (Bendtsen et aI., 
2004). Further improvements in neural network scheme were 
also included. The improved version, SignalP 3.0, can discrim-
inate between secretory and nonsecretory proteins with 95% 
accuracy (Bendtsen et aI., 2004). 
The result of analysis for the Oicyema-clpl N-terminal se-
quence suggested that Dicyema-clpl includes the signal peptide 
and the cleavage site at the N terminus (Fig. 7a). The pattern 
of signal peptide probability plot of Oicyema-clp 1 was almost 
the same as that for B. taurus (see S score in Fig. 7a, b), ex-
cepting 2 amino acids, Sand Q, which are assigned by hydro-
phobic amino acids in other chitinases. 
The presence of the signal sequence and cleavage site at the 
N terminus of Oicyema-clp 1 was also predicted with the use of 
the hidden Markov model prediction implemented in SignalP 
(Fig. 7e). Dicyema-clpl differs in shape of the probability plot 
of the h region (Fig. 7e, f) and the signal peptide probability 
plot from other chitinases. The probability of signal peptide at 
the N terminus of Oicyema-clpl indicated a high value (0.95), 
and so the cleavable signal peptide possibly exists in the N 
terminus of Dicyema-clpl. The molecular mass and the theo-
retical isoelectric point, excluding sequences of the N-terminal 
cleavable signal peptide, were calculated as 44.3 kDa and 8.29, 
respectively. 
FIGURE 4. Expression patterns of Dicyema-clpl. (a-i!, g) Dicyema 
japonicum; (f) D. misakiense. (a) Entire rhombogen. (b) Anterior region 
of nematogen. (c) Vermiform embryo within axial cell of the nemato-
gen. (d) Infusorigen. (e) Developing infusoriform embryos (D!) within 
the rhombogen. (f) Anterior region of nematogen. (g) Negative control 
of rhombogen using sense RNA probe. Scale bars represent 10 fLm. 
Other abbreviations: C, calotte; D, diapolar cell; DV, developing ver-
miform embryo; F, fertilized egg; I, infusoriform embryo; 0, oogonium; 
P, parapolar cell; PO, primary oocyte; PS, primary spermatocyte. 
The whole amino acid sequences of Dicyema-clp I were an-
alyzed using the software PSORT2 to predict the Dicyema-clpl 
protein localization site in the cell. The result suggested that 
Dicyema-clpl is located in the extracellular space (55.6%) and 
plasma membrane of the cell (44.4%) with similar probability 
(Table III). In addition, we analyzed the C-terminal amino acid 
sequences to specify the protein localization site of Dicyema-
clpl. The C-terminal sequence of Dicyema-clpl includes a dis-
tinct hydrophobic amino acid-rich region, instead of chitin-
binding domain. We analyzed these 24 amino acid residues with 
the use of SignalP' The results suggested that the sequence was 
a noncleavable signal sequence (Fig. 7c, g). This analysis was 
also applied in the chitin-binding domain of B. taurus chitinase, 
and no signal sequence was predicted in this chitinase (Fig. 7d, 
h). We estimated the probability of localization site of Dicyema-
clpl without these 24 amino acids with the use of the PSORT2. 
The plasma membrane was no longer associated with the lo-
calization site. Thus, the C terminus of Dicyema-clpl probably 
contains a signal anchor sequence that is associated with the 
plasma membrane. This hydrophobic amino acid-rich region of 
the C terminal is characteristic of dicyemid Dicyema-clp 1. 
FITC-WGA binding assay 
FITC-WGA signals were detected on the outer surface of 
adults and infusoriform larvae of D. japonicum and D. misak-
iense (Fig. 8a-d, g, h). FITC-WGA signals were also detected 
on the surface of epidermal cells of the host renal appendages 
(Fig. 8e). These signals disappeared when inhibited FITC-WGA 
OGINO ET AL.-DICYEMID CHITINASE-LiKE PROTEIN1 1409 
a 
b 1st GTAATTTTGTAAAACAATTGTAG 
2nd GTTCACAGTATTTTTCATTTAG 
3rd GTATGCAAACATTTATAAGATAG 
4th GTAAAATTGGAATAACTCGGAG 
5th GTAGCCGTATTATCCGTGATAGAAG 
6th GTATTAACCATGAAATATCTAAG 
7th GTATCAAACAGAGTTTATTTTAG 
8th GTATAAGGTTAACTAAAATAAG 
9th GTAGCATATTTTGTCACATAAAG 
-100bp 
FIGURE 5. Exonlintron structure. (a) Exonlintron structure of the Di-
cyema-clp1 gene. Black boxes and lines represent exon and intron re-
gions, respectively. Open boxes represent 5'UTR(2bp) and 
3 'UTR(47bp). The exonlintron structure was determined by direct com-
parison of cDNA and genomic sequences. (b) Sequences of introns in 
Dicyema-clpl coding region. 
were applied to the specimens, but were not affected with the 
PWM treatment (data not shown), suggesting that N-acetyl-o-
glucosamine and/or its oligomer, for example, chitotriose, exist 
on the surface of adults, infusoriform larvae, and host renal 
appendages. Many cephalopod species have hemocyte-like cells 
within the renal sacs, which aggregate together. The outer sur-
faces of these hemocyte-like cells were also weakly WGA pos-
itive (Fig. 8f). 
In adult dicyemids, some difference in distribution of the 
FITC-WGA signal was observed between calotte and trunk pe-
ripheral cells. The signals on the trunk peripheral cells appear 
as dispersed dots and curved short lines, whereas on the calotte, 
fine dots are densely and uniformly distributed (Fig. 8g, i, j). 
In infusoriform larvae, the signal was distributed on the outer 
surface of the external cells except the apical cells (Fig. 8k, I). 
Additionally, it was found in the extracellular space between 
the capsule cell and the urn cell , and between the urn cell and 
the germinal cell (Fig. 8m). 
DISCUSSION 
This study revealed that dicyemids have a gene for a chiti-
nase-like protein, Dicyema-clpl, and that it is strongly and ex-
clusively expressed in the calotte. In the phylogenetic analysis, 
Dicyema-clpl was not clustered with any chitinase family, even 
TABLE II. Characters of exon and intron of Dicyema-clpl. 
Exon Intron 
Num- Length Num- Length 
ber Position (bp) ber Position (bp) Phase* 
1 st 3-32 30 1 st 33-55 23 0 
2nd 56-86 31 2nd 87-108 22 
3rd 109-282 174 3rd 283-305 23 
4th 306-538 233 4th 539-560 22 0 
5th 561-673 113 5th 674-698 25 2 
6th 699- 810 112 6th 811-833 23 0 
7th 834-1 ,016 183 7th 1,017-1,039 23 0 
8th 1,040-1,150 111 8th 1,151-1,172 22 0 
9th 1,173- 1,310 138 9th 1,311-1,333 23 0 
10th 1,334-1,429 96 
* See text. 
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FIGURE 6. Sequence alignment. Multiple alignment of Dicyema-clpl. Asterisk indicates identical amino acid residues with corresponding 
residues to Dicyema-clp 1. Dashes indicate indels. Putative catalytic sites are boxed. Shaded sequences indicate chitin binding domain at the C 
terminal. Abbreviations: Br, Brachydanio rerio; Bt, Bos taurus; Hs, Homo sapiens; Po, Paralichthys olivaceus; Pp, Phlebotomus papatasi. Ac-
cession numbers of aligned sequence: B. rerio Zgc:55406 (Q6NZZ8), B. taurus AMCase (Q95M 17), Dicyema japonicum Dicyema-clpl 
(AB299856), H. sapiens CHIA (Q5VUV4), H. sapiens AMCase (QBZP6), P. olivaceus chitinasel (Q75WB9), P. olivaceus chitinase2 (Q75WB8), 
P. papatasi midgut chitinase (Q4Ll29). 
chitinase-3-like proteins, whose theoretical isoelectric point is 
similar to Dicyema-clp I. The phylogenetic analysis indicated 
that Dicyema-clp I was basal to other metazoans, but this might 
be due to a small data set lacking related organisms such as 
orthonectids, turbellalians, and annelids. Sequences of the Di-
cyema-clpl gene suggest relatively high molecular evolutionary 
rates_ The accelerated molecular evolution may be attributed to 
the fact that dicyemids are small endoparasites and have a short 
generation time. 
Ogino et al. (2007) reported short lengths of introns in tu-
bulin and tektin genes in dicyemids_ Aruga et al. (pers. comm_) 
have found short lengths of introns in actin, aldolase, and Pax6 
genes of dicyemids, and consider that the shortening of introns 
may be due to loss of the need for cis-regulatory elements or 
the reduction of unnecessary cost in the course of parasitic way 
of life. These short introns were also found in the Dicyema-
clpl gene and were distributed in a very narrow range com-
pared with other organisms_ In dicyemids, short introns appear 
in various kinds of genes, i.e., transcription factors, structural 
proteins, and hydrolases_ Thus, these shortened introns are 
probably genome wide, and characteristic of dicyemids_ Introns 
of highly expressed genes are substantially shorter than those 
of weakly expressed genes, presumably in order to minimize 
the cost of transcription and other molecular processes such as 
splicing (Castillo-Davis et aI., 2002), suggesting that the length 
of il)trons might be correlated to the efficiency of gene expres-
sions. It seems likely that the dicyemid genome has been 
changed under strong selective pressure in their live habitat. 
Deutsch and Long (1999) reported the length of introns in 
10 eukaryotic model organisms, with mean intron length rang-
ing from 40 to 125 bp long. Wood et al. (2002) and Yu et al. 
(2002) also reported the dominant intron lengths ranging from 
40 to 100 bp in the yeast and some multicellular organisms 
such as Homo sapiens, Drosophila melanogaster, and Arabi-
dopsis thaliana. Thus, dicyemid introns are extremely small 
compared with other organisms. 
In the 3 types of intron, the phase 0 introns are dominantly 
distributed in genes (Sharp, 1981; Fedorov et aI., 1992; Long 
et aI., 1995; Tomita et aI., 1996; Long and Deutsch, 1999)_ 
Long and Deutsch (1999) showed the frequency distribution of 
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FIGURE 7. Probability plot of signal peptide and cleavage site. Signal peptide and cleavage site were predicted using the SignalP program. 
The C score (vertical line) is an indicator for the cleavage site. The highest C score means the position of the cleavage site in the submitted 
sequence. The S score is an indicator for the signal peptide prediction. The high S score indicates that the corresponding amino acid is part of a 
signal peptide, and the low S scores indicate that the amino acid is part of a mature protein. The Y score represents a derivative of the C score 
combined with the S score, resulting in a better cleavage site prediction than' the raw C score alone. The cleavage site is assigned from the Y 
score where the slope of the S score is steep and a significant C score is found. The S and Y scores are indicated as a line plot. Signal sequences 
consist of 3 parts, i.e., a positively charged n region, a hydrophobic h region, and a neutral and polar c region. The signal sequence is followed 
by a cleavage site. Using a hidden Markov model method, SignalP predicts whether the submitted sequence contains a signal sequence or not, 
by calculation of 4 probabilities, i.e., n region, h region, c region, and a cleavage site. The probabilities of each region and cleavage site are 
indicated as line plot and a vertical line, respectively. The amino acid sequence of the submitted sequence is indicated at the bottom. (a, b) Results 
of a neural network method on the N-terrninal sequence (a, Dicyema japonicum; b, Bos taurus). (c, d) Results of a neural network method on 
the C-terminal sequence (c, D. japonicum; d, B. taurus). (e, f) Results of a hidden Markov model algorithm method on the N-terminal sequence 
(e, D. japonicum; f, B. taurus). (g, h) Results of a hidden Markov model method on the C-terrninal sequence (g, D. japonicum; h, B. taurus). 
Abbreviations: S, S score; Y, Y score; C, C score; Cp, cleavage probability; c, c-region probability; h, h-region probability; n, n-region probability. 
the 3 intron phases, phase 0 intron (51 %), phase 1 intron (27%), 
and phase 2 intron (22%) by analysis of 2 data sets. These data 
sets contain 17,044 introns and 16,295 independent splice se-
quences derived from several model organisms, including ani-
mals, plants, and fungi. The dicyemid introns showed similar 
frequency in the phase distribution, i.e., 13 (54%),5 (21 %), and 
6 (25%) in the total 24 introns in tubulin (alpha, beta), tektin 
(B, C), and Dicyema-clpl (Ogino et aI., 2007; the present 
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TABLE III. Probabilities of localization site estimated by PSORT2.* 
Probability of the localization site of protein (%) 
Species and gene (Accession no.) e ER EXe G MT N PM V 
Bos taurus, acidic mammalian chitinase precursor (Q95M17) 0 ILl 66.7 0 ILl 0 0 ILl 
Paralichthys olivaceus, chitinase2 (Q75WB8) 0 ILl 66.7 0 ILl 0 0 ILl 
P. olivaceus, chitinasel (Q75WB9) ILl 44.4 0 22.2 ILl ILl 0 0 
Brachydanio rerio, Zgc:55406 (Q6NZZ8) ILl ILl 55.6 11.1 ILl 0 0 0 
Phlebotomus papatasi, midgut chitinase (Q4LI29) ILl 55.6 0 11.1 ILl ILl 0 0 
Homo sapiens, eosinophil chemotactic cytokine (Q5VUV4) ILl 44.4 0 22.2 11.1 11.1 0 0 
H. sapiens, acidic mammalian chitinase precursor (QBZP6) ILl 44.4 0 22.2 ILl ILl 0 0 
D. japonicum, dicyemid-clpl(AB299856) 0 0 55.6 0 0 0 44.4 0 
* Abbreviations: e, cytoplasmic; ER, endoplasmic reticulum; EXe, extracellular; G, Golgi; MT, mitochondria; N, nuclear; PM, plasma membrane; V, vacuolar. 
study). As far as the number and the frequency distribution of 
intron phases are concerned, the Dicyema-clp1 possesses the 
usual introns. 
The domain structure and the expression pattern suggest that 
Dicyema-clp1 is a conformationally unusual chitinase. Most 
chitinases have a chitin-binding domain at the C terminus and 
a catalytic domain at the N terminus (Shen and Jacobs-Lorena, 
1999). However, Dicyema-clp1 includes a hydrophobic amino 
acid-rich region at the C terminus, and lacks the chitin-binding 
domain. Thus, Dicyema-clp1 is unlikely to bind to chitin. At 
the N terminus, Dicyema-clp1 has a Glyco18 domain involved 
in catalytic activity, but a substitution was found in this se-
quence. It is possible that Dicyema-clp 1 does not have catalytic 
capability. Even in this case, substance-binding capacity re-
mains independent of the catalytic activity (Lu et aI., 2002). 
Previous reports show that chitinase family proteins do not nec-
essarily have catalytic activity (Hakala et al., 1993; Kawamura 
et al., 1999; Sun et al., 2001; Recklies et aI., 2002; Badariotti 
et al., 2006). Some organisms have chitinase-like proteins that 
lack catalytic activity, but bind to specific carbohydrates, acting 
as factors involved in development and growth. For example, 
the oyster chitinase-like protein, Cg-clp1, specifically binds to 
chitins. The Cg-clp1 induces cell proliferation, increases pro-
teoglycan and glycosaminoglycan synthesis, and decreases type 
II collagen synthesis (Badariotti et al., 2006). This homQlog 
also is found in D. melanogaster (IDGF) and H. sapiens (HC" 
gp39), and appears to function as a growth factor controlling 
cell proliferation and tissue remodeling (Hakala et aI., 1993; 
Kawamura et al., 1999). Although the chitin-binding domain is 
essential for catalytic activity for insoluble chitin, it is not re-
quired for binding to chito-oligosaccharides, e.g., chitotriose. 
Thus, chito-oligosaccharides may be targets of Dicyema-clpl. 
Dicyema-clp1 appears to have the signal sequence and cleav-
age site at the N terminus, and the signal anchor sequence in 
the C terminus, suggesting that Dicyema-clp 1 may be anchored 
to plasma membranes. Strong expressions of Dicyema-clp1 
were detected in the calotte peripheral cells, suggesting that 
Dicyema-clp 1 is anchored to the plasma membrane of these 
cells. The calotte is distinct from the other regions in having 
stiffer, shorter, and thicker cilia (Nouvel, 1947; McConnaughey, 
1951; Hochberg, 1990; Furuya et aI., 2007). The cilia of calotte 
are involved in attachment of dicyemids to host tissues, and 
appear to be worn away while attached (Ridley, 1968). 
The FITC-WGA binding assay revealed the existence of N-
acetyl-D-glucosamine and/or its oligomer both in the epithelial 
cell surface of dicyemids and the host renal appendages. Di-
cyema-clp1 appears to act as an adhesive between calottes of 
dicyemids and host renal appendages via binding to N-acetyl-
D-glucosamine in the interface, especially that of the host epi-
thelium. It seems unlikely that Dicyema-clp1 is associated with 
N-acetyl-D-glucosamine on the surface of dicyemid trunk be-
cause Dicyema-clp1 is unlikely to be released to the extracel-
lular space. This may be the reason why trunk peripheral cells 
do not adhere to the host epithelium. 
N-acetyl-D-glucosamine is a component of the extracellular 
matrix material (EMM) that is responsible for intercellular ad-
hesion of bacterial cells (Thomas et al., 1997). FITC-WGA sig-
nals in calotte peripheral cells exhibit different distribution pat-
terns from those of trunk peripheral cells. This may be attrib-
uted to the difference in the distribution of "ruffles," which 
exist more extensively on the trunk peripheral cells than on the 
calotte (Ridley, 1968). The ruffle is folded plasma membrane 
forming a network-like structure (Bresciani and Fenchel, 1965; 
Ridley, 1968), and may be involved in transfer of dissolved 
nutrients and particulate matters to the cell interior by the for-
mation of vesicles (Ridley, 1968). Thus, most dissolved nutrient 
absorption may be restricted to the trunk peripheral cells. The 
cell surfaces of calotte peripheral cells may specifically differ-
entiate for adhesion'" to the renal appendages. 
Multicellular organisms have a glycocalyx surface coat at the 
borders between cells (Bennett, 1963). Czaker (1998) suggested 
the presence of a glycocalyx surface coat for dicyemids. Our 
FITC-WGA binding assay revealed that it is N-acetyl-D-glu-
cosamine, or its oligomer, or both. N-acetyl-D-glucosamine 
probably serves as a physical barrier and a defense against mi-
crobial infection. Martin et aI. (2003) suggested possible roles 
for N-acetyl-D-glucosamine in wound healing, pathogen encap-
sulation, and maintenance of normal crustacean connective tis-
sues. Jungery et al. (1983) reported that N-acetyl-D-glucos-
amine blocked invasion of malaria parasites into the erythro-
cyte. Czaker (2000) described a micro sporidium hyperparasite, 
Whitmannia antarctica, from the cytoplasm of Antarctic di-
cyemids. Two dicyemid species infecting Callistoctopus minor 
usually harbor microsporidia hyperparasites that cause consid-
erable damage to the host dicyemids (H. Furuya, unpubI. obs.). 
Some defense mechanism may be necessary in dicyemids. 
N-acetyl-D-glucosamine, or its oligomer, or both, exist on the 
outer surface of infusoriform larvae and germinal cells. Infu-
soriform larvae are unusual in having larger numbers of cells 
and a more complicated body organization than adults (Furuya 
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FIGURE 8. FITC-WGA binding assay. (a-e) Microsections of renal appendage of Octopus vulgaris. Dicyema misakiense inserts its head into 
folds of renal appendage. (a, b) Hematoxylin-eosin staining. (c, d) FITC-Iabeled WGA staining. (b, d) Regions indicated by rectangles in a and 
c, respectively. (e) Part of epithelial layer of host renal appendages. Asterisks indicate single epithelial cells. (f) FITC-WGA stained hemocytelike 
cells of O. vulgaris. (g, h) FICT-WGA stained whole-mount dicyemid. (g) Dicyema japonicum; (h) D. misakiense. (i, j) Regions indicated by 
rectangles at the calotte (i) and at the middle of trunk peripheral cell (j) in g:·(k-m) FITC-WGA stained infusoriform larva of D. japonicum; (k) 
observed with light microscope; (I, m) cih~erved with fluorescence microscope; (m) region indicated by the rectangle in I. Scale bars represent 
10 [.Lm. Abbreviations: A, apical cell; AX, axial cell; C, calotte; CA, capsule cell; D, diapolar cell; E, epithelium; G, germinal cell; P, parapolar 
cell; Pp, propolar cell; RC, renal cavity; MP, metapolar cell; U, urn cell; Y, vessel. 
et aI., 2004). They actively swim in vitro for a few days, and 
the urn cells, including germinal cells, break out of the larval 
body (McConnaughey, 1951; Furuya and Tsuneki, 2003), al-
though it remains to be understood how infusoriform larvae 
infect new hosts and reach the renal organ. The presence of N-
acetyl-D-glucosamine, or its oligomer, or both, suggests that in-
fusoriform larvae may have a mechanism to avoid recognition 
by the host defense system when the larvae infect the new host. 
Iakovleva and Gorbushin (2005) reported a similarity in com-
posltlOn of glycocalyx of hemocytes of the mollusc and the 
trematode parthenitae. Trematodes possess mechanisms to 
avoid recognition in the host organism and to suppress activity 
of its defense system. These mechanisms include molecular 
mimicry, structural similarity of surface molecules of the par-
asite and of the host tissues, and molecular masking, i.e., bind-
ing of host glycoproteins on the parasite surface by membrane 
receptors such as lectin (Fryer and Bayne, 1996; Adema and 
Loker, 1997). Many cephalopod species have hemocyte-like 
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cells in the renal sacs. Their outer surfaces are also WGA pos-
itive. It would appear that the hemocyte-like cells serve as a 
defense against parasites. In fact, parasites representing several 
phyla have been found in cephalopod renal sacs (Hochberg, 
1982, 1983, 1990; Furuya and Hochberg, 1999; Furuya et al., 
2004). The mechanism of the carbohydrate mimicry by dicyem-
ids may allow them to avoid attack by effector cells of the 
internal defense system of the host. 
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HISTOPATHOLOGY AND ULTRASTRUCTURE OF PLATICHTHYS FLESUS NATURALLY 
INFECTED WITH ANISAKIS SIMPLEX S.L. LARVAE (NEMATODA: ANISAKIDAE) 
Bahram S. Dezfu Ii , Flavio Pironi, Andrew P. Shinn*, Maurizio Manerat, and Luisa Giari 
Department of Biology and Evolution, University of Ferrara, Via Borsari, 46-44100 Ferrara, Italy. e-mail: dzb@unife.it 
ABSTRACT: The histopathology, ultrastructure, and immunohistochemistry of the alimentary canal of flounder Platichthys flesus 
(L.), naturally infected with the nematode Anisakis simplex s.l. (Rudolphi 1809) from the River Forth (Scotland), were investigated 
and described. Eight of the 16 flounders were infected with A. simplex s.l. larvae (L3); parasites were encapsulated by serosa on 
the external surface of the host's digestive tract (intensity of infection 1-8 parasites per host), although nematode larvae were 
found encysted under the peritoneal visceral serosa of the host spleen and liver and, occasionally, in the liver parenchyma (intensity 
of infection 3-10 parasites per host). In all sites, different structural elements were recognized within the capsule surrounding 
larvae. Among the epithelial cells of the intestine of 5 flounders with larvae encysted on external surface of the gut, the presence 
of several rodlet cells (RCs) was observed. Furthermore, often the occurrence of macrophage aggregates (MAs) was noticed in 
infected liver and spleen, mainly around the parasite larvae. Eight neuropeptide antisera were tested with immunohistochemistry 
methods on gut sections of 4 P. flesus infected with extraintestinal nematodes. Sections from the gut of 5 uninfected flounder 
were used for comparative purposes. In the tunica mucosa of parasitized p, flesus, several endocrine epithelial cells were im-
munoreactive to anti-CCK-39 (cholecystokinin 39) and -NPY (neuropeptide Y) sera; furthermore, in the myenteric plexus, a high 
number of neurons were immunoreactive to antibombesin, -galanin, and several to -NPY and -PHI (peptide histidine isoleucine) 
sera, 
Species of Anisakidae are found mainly in fish-eating ver-
tebrates. Various fish species and squid serve as paratenic hosts 
for Anisakis spp" with sea mammals as definitive hosts (Mo-
ravec, 1994). There are many reports dealing the taxonomy, 
ecology, and zoogeography of nematode parasites of fish (KS'iie, 
1999; Guillen-Hernandez and Whitfield, 2004), but only a few 
have dealt with histopathology caused by tissue-penetrating 
nematodes (Margolis, 1970; Miyazaki et aI., 1988). Species of 
larval Anisakis invade various tissue and organs of fish hosts, 
Known sites of infection include the digestive tract from the 
esophagus to the posterior intestine, gonads, swim bladder, liv-
er, somatic musculature, mesenteries, peritoneum, body cavity, 
blood vessels, subcutaneous and other connective tissues, fins, 
and orbit of the eyes (Margolis, 1970; Moravec, 1994), 
The pathology caused by larval Anisakidae, particularly in 
the liver, has been thoroughly investigated (Margolis, 1970). 
Accordingly, the occurrence of anisakid larvae in this organ 
was reported in Otolithus argenteus (Bablanik and Bilequees, 
1998), Pagrus pagrus (Eiras and Rego, 1987), and Merlangius 
mer/angus (Elarifi, 1982). There are reports for several fish spe-
cies that heavy infections reduce the size of liver (Kahl, 1938;. 
Brian, 1958). 
Macrophage aggregates (MAs), also known as melanomacro-
phage centers, can be found in different tissues of heterotherrnic 
vertebrates. These pigment-containing cells in fish have been 
encountered in hemopoietic tissue of the kidney, spleen, liver 
(Agius and Roberts, 2003), and occasionally brain, gonads, and 
gills (Macchi et aI., 1992). Several studies suggest that the gen-
eral function of the centers include focalization of destruction, 
detoxification, or recycling of exogenous and endogenous ma-
terials (Ferguson, 1976; Ellis, 1980; Herraez and Zapata, 1986). 
Furthermore, MAs are involved with late stages of the chronic 
inflammatory response to severe tissue damage (Agius and 
Roberts, 2003). During the present investigation, the presence 
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of MAs was noted in a few infected livers and spleens of p, 
flesus near the nematode larvae; accordingly, this is the first 
report on occurrence of MAs in this organ parasitized with a 
helminth, and the present article will attempt to establish the 
relationship between A. simplex s.l. larvae and macrophage ag-
gregates. 
Rodlet cells (Res) inhabit the tissue, particularly the epithe-
lium, of virtually every fish species (Morrison and Odense, 
1978) and several functions have been described. Recently, it 
was suggested that the Res represent an inflammatory cell type 
(Dezfuli et aI., 2000). Moreover, an increase in their number 
clue to the presence of metazoan parasites was reported by Reite 
(1997) and Dezfuli et al. (1998, 2000, 2007); herein, several 
Res were noted in gut epithelium of flounder with encysted 
larvae on outer surface of the intestine. 
The capsules around the A. simplex s.l. larvae in organs of 
P. flesus presented the same structural features described by 
Margolis (1970) in Melanogrammus aeglefinus parasitized with 
Anisakis sp., namely the presence of 3 layers in which the thick-
ness of the capsule depends on the abundance of connective 
tissue and on the age of infection. 
Previous studies have dealt with the presence of larval ani-
sakids in fish and mechanical damage, although data are lacking 
about the possible involvement of the neuroendocrine system 
in host reaction. One of main goals of present investigation was 
to use the immunohistochemical methods to ascertain the re-
sportse of flounder neuroendocrine system to nematode larvae. 
Thus, 8 neuropeptide antisera were tested on gut sections of 
infected and uninfected flounders. In addition, data on host-
parasite interface as well as histopathological information are 
presented. 
MATERIALS AND METHODS 
During July 2003, 16 specimens of Platichthys flesus (ranging from 
5.2 to 22.3 cm in total length) were collected from the River Forth 
(Stirling, Scotland). Fish were brought alive to the laboratory. They 
were anesthetized with the use of MS222 (Sandoz, Basel, Switzerland), 
and the spinal cord was severed. At necropsy, the whole digestive tract 
was removed and searched for externally visible parasites on surface of 
liver, intestine, and other visceral organs; the body cavity was examined 
for the presence of helminths. The number and location of parasites 
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TABLE I. Primary antisera used in this study. 
Antisera 
raised in 
rabbit Code Source Dilution Incubation 
Bombesin 1400-0004 Biogenesis 1:200 Overnight at 4 C 
CCKa-39 2050-0004 Biogenesis 1:100 Overnight at RT* 
Galanin AB 1985 Chemicon 1:250 48 h at RT 
Glucagon 4660-0904 Biogenesis 1:50 24hat4C 
NPya 6730-0004 Biogenesis 1:50 24hat4C 
PHI" 7260-0004 Biogenesis 1:100 24hat4C 
Secretin 8240-0004 Biogenesis 1:50 24hat4C 
VIpa CA-08-340 Genosys 1:500 24hat4C 
* CCK, cholecystokinin; NPY, neuropeptide tyrosine; PHI, peptide histidine iso-
leucine; VIp, vasoactive intestinal peptide; RT, room temperature. 
were recorded. Some live larvae were isolated from surface of liver and 
intestine and fixed for species identification. The alimentary canal was 
cut longitudinally and examined. Pieces of fish tissues with attached 
parasites, measuring up to 15 X 15 mm, were excised and fixed in 
chilled (4 C) Bouin's for 8 hr. The samples were then transferred to 
70% alcohol, dehydrated through an alcohol series, and prepared for 
paraffin embedding. Cut sections (5 /-Lm thick) were stained with either 
hematoxylin-eosin (H&E), Azan-Mallory, or PAS stains, or used for 
immunohistochemical analysis. Platichthys flesus-A. simplex s.l. tissue 
sections were processed with the use of the indirect immunohistochem-
ical method (peroxidase-antiperoxidase immunocomplex), as outlined 
in Dezfuli et al. (2002). The antisera used are reported in Table I. The 
controls for the specificity of the immunohistochemical reactions were 
performed by the preabsorption of each antiserum with the correspond-
ing antigen (Table II). Mammalian (swine, rat) tissue sections were used 
as positive controls. 
For light and electron microscopy, host tissues measuring up to 7 X 
7 mm were fixed for 2 hr in chilled (4 C) 2% glutaraldehyde solution, 
pH 7.2, with 0.1 M sodium cacodylate. After 2 hr, the pieces were rinsed 
for 12 hr in 0.1 M sodium cacodylate buffer containing 5% sucrose. 
The specimens were then postfixed in 1 % osmium tetroxide in the same 
buffer for 2 hr, dehydrated in graded ethanol, transferred to propylene 
oxide, and embedded in an Epoxy-Araldite® mixture. Semithin sections 
(1.5 /-Lm) were cut on a Reichert Om U 2 ultramicrotome and stained 
with toluidine blue. Ultrathin sections (90 nm) were stained with a 
solution of 4% uranyl acetate in 50% alcohol and Reynold's lead citrate 
and examined with the use of a Hitachi H-800 transmission microscope. 
For comparative purposes, the tissues of 5 uninfected flounders were 
processed along with the parasitized material. • 
RESULTS 
Eight of 16 specimens of P. flesus were infected. For iden-
tification purposes, some live larvae were removed from host 
organs, fixed, and later compared with morphological features 
and sizes reported for this genus in-Moravec (1994). Accord-
ingly, a third of the larvae were L3 stages of A. simplex s.l. 
Several larvae were encapsulated in the peritoneal serosa on 
the outer surface of the gut wall (Fig. la); the intensity of in-
fection ranged from 1 to 8 parasites per host. In 2 flounders, a 
few A. simplex s.l. larvae were encountered within the intestinal 
wall (Fig. Ib). Moreover, in 1 fish, a single larva was encysted 
in muscle of the inner side of the fish's body wall very close 
to the liver. 
Among the visceral organs, mainly the liver (Fig. lc) and, in 
a few instances, the spleen, were infected. In the liver, the in-
tensity of infection ranged from 3 to 10 larvae, with the ma-
jority of the nematodes encysted under the visceral serosa; a 
few penetrated the parenchyma and destroyed the tissue of the 
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TABLE II. Peptides used for absorption controls. 
Peptide Code Source 
Bombesin B 4272 Sigma Chemicals, St. Louis, Missouri 
Gastrin G 3131 Sigma Chemicals, St. Louis, Missouri 
Galanin G-112 Sigma Chemicals, St. Louis, Missouri 
Glucagon H 6790 Bachem AG, Bubendorf, Switzerland 
NPY* H 6375 Bachem AG, Bubendorf, Switzerland 
PHI* (PHM-27) H 6355 Bachem AG, Bubendorf, Switzerland 
Secretin S 7147 Sigma Chemicals, St. Louis, Missouri 
VIP* V 3628 Sigma Chemicals, St. Louis, Missouri 
* NPY, neuropeptide tyrosine; PHI, peptide histidine isoleucine; VIP, vasoactive 
intestinal peptide. 
organ (Fig. lc). In all infected livers, there was a translucent 
space between the parasite cuticle and host tissue (Fig. lc); in 
some instances, tissue debris was observed in the space. The 
nematode larvae were often on the surface spleen. 
The occurrence of macrophage aggregates (MAs) was ob-
served around the A. simplex s.l. larvae encysted on liver (Fig. 
Id); in some specimens, MAs were encountered within the 
spleen parenchyma as well as on surface of the organ near the 
parasite larvae. 
All parasites were encapsulated on external surface of host 
digestive tract and on the surface of the liver and spleen by 
granulomatous reactive tissue involving the visceral serosa (Fig. 
la, c). Some pancreatic acini in the mesenteries were involved 
in the reaction and displayed nuclear picnosis and cellular 
shrinkage. Within the capsule around the parasite, reactive cel-
lular elements were recognized. Specifically, from the outer part 
toward the inner zone, a corona of fibroconnective tissue with 
scarce collagen component was noted (Fig. 2a). Herein, the oc-
currence of eosinophilic granule cells and some lymphocytes 
were observed (Fig. 2b). Near the parasite's cuticle, palisade-
arranged macrophages were evident; moreover, they exhibited 
vacuolar degeneration (Fig. 2c). Such reactive tissue partition 
was not evident in all capsules. In some instances, diffuse gran-
ulomatous tissues lacking fibroconnective outer corona and pal-
isade-arranged macrophages were encountered. Sometimes, 
mesenteric edema and serous fibrinous exudates were apparent. 
Several rodlet cells (RCs) were found in the epithelia (Fig. 
2d, e) of the guts of flounders that harbored encysted larvae on 
outer sides of their intestines. Discharge activity of the RCs 
was observed in grids of the intestine of several infected floun-
der.s. In some instances, the RCs presented high cytoplasmic 
vacuolization (not shown). 
Eight neuropeptide antisera were tested on gut sections of 4 
P. flesus infected with extraintestinal nematodes (Table I). Sec-
tions from 5 uninfected flounder were used for comparative 
purposes. In the tunica mucosa of both uninfected and parasit-
ized P. flesus, several structures (endocrine cells and neurons) 
were immunoreactive to anti-CCK-39 (Fig. 3a), -NPY (Fig. 3b), 
and -PHI sera (not shown) (Table III). In the tunica propria 
submucosa of infected fishes (Fig. 3c) and near the parasite 
cuticle (Fig. 3d) as well as in the myenteric plexus, numerous 
neurons were immunoreactive to antibombesin serum (Fig. 3c, 
d), whereas for the same neuropeptide, a smaller number of 
positive elements was noticed in gut sections of healthy fish 
(Table III). Figure 3e shows some neurons positive to antiga-
1418 THE JOURNAL OF PARASITOLOGY, VOL. 93, NO. 6, DECEMBER 2007 
FIGURE 1. (a) Several larvae (arrows) of Anisakis simplex s.l. on outer surface of the gut wall of Platicthys jlesus stained with haematoxylin-
eosin (H&E), scale bar = 280 /-Lm. (b) Larvae of A. simplex s.l. (arrowheads) within the thickness of the flounder intestine stained with H&E; 
arrows show fibroconnective tissue around the larvae, scale bar = 120 /-Lm. (c) Anisakis simplex s. l. larva encysted under the peritoneal visceral 
serosa of liver (arrowhead), 3 larvae (arrows) penetrated deeply in the organ; note white spaces around each larva, H&E, scale bar = 250 /-Lm. 
(d) Macrophage aggregates (MAs, arrows) near the nematode larva (asterisk), H&E, scale bar = 50 /-Lm. 
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FIGURE 2. (a) Transmission electron "I1'licrograph of liver showing the interface between Anisakis simplex s.l. larva (white asterisk) and host 
tissue: fibroconnective elements (white anowheads) are scattered among flounder cells (white anows), scale bar = 4.0 f.lm. (b) Near parasite 
tegument (white asterisk) eosinophilic granule cell (white anow) and lymphocytes (white anowheads) are evident, scale bar = 3.6 f.lm. (c) A 
corona of macrophages (anows) with hydropic vacuolar degeneration can be seen, scale bar = 2.0 f.lm. (d) Three rodlet cells (white anows) in 
gut epithelium of an infected flounder, scale bar = 5.8 f.lm. (e) High magnification of a single rod let cell in which basal nucleus (white asterisk), 
some rodlets (black asterisks), and distinctive cell cortex (anow) are evident, scale bar = 1.9 f.lm. 
lanin serum in myenteric plexus of the intestine of uninfected 
flounders, and Figure 3f shows larger number of neurons in P. 
ftesus with a nematode encapsulated on the external surface of 
the host's digestive wall (see Table III). Anisakis sp. larvae did 
not generate a response to glucagon, secretin, or VIP (see Table 
III). 
DISCUSSION 
Anisakis simplex s.L is a common nematode and its larvae 
infect many species of fish. The parasite is transmitted to fish 
by microcrustaceans or other invertebrates and in fish the larvae 
reach the L3 stage (Oshima, 1972). The life cycle of A. simplex 
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FIGURE 3 . (a) Tunica mucosa of infected Platicthys jlesus, some cholecystokinin 39 (CCK-39) immunoreactive endocrine ce lls (arrows) are 
evident, scale bar = 30 fLm. (b) A positive immunoreaction to the anti-NPY serum within endocrine cells (arrows) of parasitized flounder, scale 
bar = 30 fLm. (c) In the myenteric plexus of infected fish, a high number of nervous fibers (arrows) immunoreactive to antibombesin can be seen, 
scale bar = 100 f1m. (d) High magnification of nervous fibers (arrows) near parasite (asterisk) that yield positive reaction to bombesin, scale bar 
= 10 f1m. (e) Some neurons (arrows) positi ve to antigalanin semm in myenteric plexus of uninfected flounder, scale bar = SO f1m . (f) Higher 
number of positive neurons (arrows) near and around encysted larva (asterisk), scale bar = 100 f1m . 
s.1. and its congeners is still inadequately known (M oravec, 
1994). The nematode has a complicated life cycle with many 
intermediate hosts and may be transmitted several times from 
fish to fi sh (paratenic hosts) before the final host is reached. 
The fin al hosts are fi sh-eating marine mammals. 
Almost all endoparasitic helminths that use the vertebrates as 
paratenic hosts inhabit the body cavity, or visceral organs, or 
both. The body cavity contains a nutrient fluid , and provides 
security from dislodgment. These 2 factors may be involved in 
determining its suitability as a site of infection ; nevertheless, it 
TABLE III. Frequencies of elements immunoreactive (IR) to primary 
antisera in the intestine of Platichthys flesus uninfected and infected 
with Anisakis simplex. + +: medium presence, +: low presence, and -: 
absence of components immunoreactive to the specified antiserum. 
Polydonal antirabbit peptide 
Endocrine cells IR 
Cholecystokinin 39 
Neurons and endocrine cells IR 
Neuropeptide Y 
Neurons IR 
Bombesin 
Galanin 
Peptide histidine isoleucine 
Glucagon 
Secretin 
Vasoactive intestinal peptide 
Platichthys flesus 
Uninfected 
+ 
+ 
+ 
+ 
+ 
Infected with 
A. simplex 
+ 
+ 
++ 
++ 
+ 
still presents some problems for parasites (Howell, 1976). Ex-
perimental studies on migration of Anisakis sp. larvae in the 
body cavity and flesh of fishes have been described by Smith 
and Wootten (1975) and Smith (1984), but these authors did 
not discuss larval nematode migration at host necropsy. 
It is well known that one of the reactions of the host to the 
presence of extraintestinal parasite is the formation of a con-
nective tissue capsule that sequesters the parasite. The occur-
rence of such a capsule around larval nematode, Hysterothy-
lacium dollfusi Schmidt, Leiby, and Kritsky 1974 in Polyodon 
spathula Walbaum, was reported by Miyazaki et aI. (1988). The 
features of capsule formation and structure around larvae out-
side the intestine and in visceral organs of different fishes were 
described by Margolis (1970), Hauck and May (1977), Torres 
and Gonzalez (1978), Elarifi (1982), and Eiras and Rego 
(1987). 
Several roles for macrophage aggregates (MAs) in fish have 
been described; their proliferation has been associated with both 
physiological and pathological factors such as aging, starv,!ltion, 
infectious diseases, and chemical exposure (Vogelbein et aI., 
1987; Couillard and Hodson, 1996; Couillard et aI., 1999). Re-
cently, the nature of macrophage aggregates and their role in 
fish pathology was reviewed by Agius and Roberts (2003). Ac-
cording to these authors, these centers develop focally in as-
sociation with late stages of the chronic inflammation response 
to severe tissue damage due to virusl(s (Roberts, 2001), bacteria 
(Hjeltnes and Roberts, 1993; Chinabut, 1999), fungal infections 
(Carmichael, 1996), or to protozoans (Vogelbein et al., 1987). 
In the parasitized liver and spleen of P. fiesus, macrophage 
aggregates were observed very close to A. simplex s.I. larvae, 
which represents the first report of MAs in association with a 
helminth larva. A previous study described the presence of 
MAs in Gasterosteus aculeatus L., infected with protozoan 
Glugea anomala Moniez 1887 (Dezfuli et aI., 2004). The pres-
ent observations lend support to the view of Vogelbein et al. 
(1987) that macrophage aggregates may be linked to parasite 
infections and, in all likelihood, represent an inflammatory re-
sponse different from the typical granulomatous reaction. 
Enigmatic rodlet cells (RCs), the function and nature of 
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which are still a matter of debate, can be found in the viscera 
and epithelia of virtually every fish species (Morrison and 
Odense, 1978; Leino, 1996). A large number ofthese cells were 
encountered in the gut of Anguilla anguilla L., at the site of 
digenean attachment (Dezfuli et aI., 1998), and in the liver and 
pancreas of Phoxinus phoxinus L. infected with a nematode 
(Dezfuli et aI., 2000). Moreover, the number of RCs increased 
in the intestinal epithelium of G. aculeatus near a protozoan 
xenoma (Dezfuli et aI., 2004) and in the brain of P. phoxinus 
infected with metacercariae of a trematode (Dezfuli et al., 
2007). In the present investigation, several rodlet cells were 
observed, but only in the gut epithelium of flounders that har-
bored A. simplex s.I. larvae on outer surface of intestine. Results 
of our study and data obtained from experiments with a syn-
thetic corticosteroid (dexamethasone) (Manera et al., 2001) and 
with a herbicide (propanil) (Dezfuli et aI., 2003), suggest that 
the rodlet cells represent an inflammatory cell type closely 
linked to other piscine inflammatory cells, such as eosinophilic 
granulocytes (EGCs) and epithelioid cells (see Dezfuli et aI., 
2000). Furthermore, new information, especially in the last de-
cade, supports the notion that the RCs are of an endogenous 
origin (Leino, 1996; Iger and Abraham, 1997; Dezfuli et aI., 
1998, 2003, 2004, 2007; Mazon et aI., 2007). 
The neuroendocrine system of vertebrates includes the en-
teric nervous and the diffuse endocrine systems (DES), both of 
which play important roles in coordinating several intestinal 
processes (Hansen and Skadhauge, 1995; Larsson, 2000; Palm-
er and Greenwood-Van Meerveld, 2001). A component of the 
DES includes the endocrine cells of the gut, which represent a 
highly specialized mucosal SUb-population (Rindi et al., 2004). 
Gut endocrine cells are associated with the expression of sev-
eral regulatory molecules. These regulatory peptides are in-
volved in the modulation of digestive functions such as enzyme 
secretion, nutrient uptake, and peristalsis (Hansen and Skad-
hauge, 1995). 
In the P. fiesus digestive tract, among 8 tested neuropeptides, 
2 were found, i.e., bombesin and galanin, in higher concentra-
tion in parasitized flounder. A bombesin-like substance was ob-
served throughout a network of subtle nerve fibers within the 
fibroconnective capsule enclosing A. simplex s.I. larvae. In other 
fish-parasite studies, this neuropeptide was observed in the con-
nective tissue capsule produced by the gut of Salmo truUa in 
response to the acanthocephalan Pomphorhynchus laevis (Dez-
fuli et al., 2002). A bombesin-like substance was also encoun-
tered within the thin nerve fibers in the inflanunatory connec-
tive tissue of Gasterosteus aculeatus infected with the proto-
zoan Glugea anomala (Dezfuli et aI., 2004). Our previous ob-
servations and those of the present survey support the 
hypothesis of Dezfuli et aI. (2004), who suggested that the pres-
ence of bombesin at the site of tissue inflanunation in fishes 
acts as a putative neurotransmitter in the newly formed network 
of nerve fibers. Most studies on galanin have focused on the 
central nervous system of vertebrates, but there are conflicting 
opinions regarding the function of this neuromodulator. It is 
also postulated that it may not exert the same consequence 
within the different vertebrate classes. For example, in mam-
mals galanin is said to have an inhibitory effect on electrolyte 
secretion (Kiliaan et aI., 1993). In fish, galanin has been impli-
cated in olfactory and gustatory functions, central visual pro-
cessing, somatosensory transmission, osmoregulation, sex-spe-
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cific behavior, and in affecting the cardiovascular system (Corn-
brooks and Parsons, 1991; Holmqvist and Carlberg, 1992; Le 
Mevel et al., 1998). The presence of galanin has been recently 
reported in the neuroendocrine system of the gut from several 
uninfected (Bosi et aI., 2004), as well as in parasitized, fishes 
(Dezfuli et al., 2004; Bosi et aI., 2005). Further information 
must be obtained on the real function of this peptide in infected 
fish. However, there were no discernible differences between 
CCK-39, NPY, and PHI in uninfected and infected flounders. 
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IL-6 KO MICE DEVELOP EXPERIMENTAL AMOEBIC LIVER INFECTION 
WITH EOSINOPHILIA 
Erendira Estrada-Villasenor, Jorge Morales-Montor*, Mauricio Rodrfguez-Dorantes*, Espiridion Ramos-Martfnezt, 
Mario Nequiz-Avendanot, and Pedro Ostoa-Saloma* 
Departamento de Patologia, Instituto Nacional de Rehabilitaci6n, Secretaria de Salud, CP 14389, Mexico, D.F. e-mail: 
postoa@servidor.unam.mx 
ABSTRACT: Interleukin 6 (IL-6) is a multifunctional cytokine that regulates various aspects of the immune response, such as 
acute phase reaction and hematopoiesis, and is an important signal that coordinates activities of liver cells, macrophages, and 
lymphocytes. Amoebic liver lesions have been studied, usually in hamsters, due to the problem of abscess development in mice. 
We report here the development of an experimental amoebic liver abscess (ALA) model in mice deficient in IL-6. Axenically 
grown amoebae were injected directly into the livers of C57BLl6 wild type (WT) and IL-6 KO-'- mice; the abscesses produced 
were counted and the inflammatory process was examined on 5, 10, and 20 days postinfection. Our results showed that IL-6 
KO-'- mice develop ALA, in contrast to the WT strain, which usually do not have signs of abscess or infection. Histological 
analysis of the abscesses showed extended inflammatory response, mainly mediated by eosinophils, which strongly infiltrate the 
abscess in IL-6 K -1- mice. The present results suggest that in mice, IL-6 could playa role in the resistance against ALA. 
Amoebiasis, caused by Entamoeba histolytica, is a major 
public health problem in tropical and subtropical countries. 
Only humans are naturally infected by E. histolytica and, in 
about 10% of the infected individuals, the parasite is able to 
penetrate the intestinal mucosa and induce colitis, or dissemi-
nate to other organs. The most common secondary organ in-
vaded by E. histolytica is the liver, where it induces abscess 
formation (Gathiram et aI., 1987). Although there are no animal 
models that mimic the whole cycle of the human disease, the 
use of different susceptible and resistant laboratory animals and 
the axenic culture of trophozoites of E. histolytica have allowed 
a better understanding of the parasite and the host-parasite re-
lationship. The introduction of new animal models with genetic 
or surgical modifications, especially in mice, has allowed for a 
more adequate analysis of the mechanisms of pathogenesis 
(Denis et aI., 1989; Salata et aI., 1990; Ghadirian and Denis, 
1992). 
Usually, the generation of specific antibodies against antigens 
of E. histolytica does not correlate with resistance to the infec-
tion or with protective immunity (Krupp et aI., 1971). Further-
more, studies on animal models have not been conclusive re-
garding the role of antibodies in protection against amoebae 
(Petri et aI., 1991). Although the potential contribution. of 
T-cell-derived cytokines to resistance against reinfection with 
amoebae and to the suppression associated with uncontrolled 
invasive amoebiasis remains to be elucidated, it is clear that 
cytokine responses to E. histolytica tend to segregate into dis-
tinct patterns. Because macrophages are cells with amoebicidal 
activity, it is possible that a Th I cytokine response is central in 
controlling invasive amoebiasis, wher,eas production of mac-
rophage-downregulating cytokines, such as IL-4 and IL-lO, 
may inhibit the cellular immune response to E. histolytica 
(Campbell and Chadee, 1997). 
The generation of IL-6 knockout mice (IL-KO-'-) provides 
a unique opportunity to test the functions of IL-6 in vivo di-
Received 13 February 2007; revised 11 May 2007; 7 June 2007; ac-
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recdy (Kopf et aI., 1995; Jones, 2005). IL-6-deficient mice de-
velop normally, but fail to control microbial infections and are 
defective in the production of T-cell-dependent antibodies (Fat-
tori et aI., 1994; Ramsay et aI., 1994; Dalrymple et aI., 1995, 
1996; Suzuki et aI., 1997; van der Poll et aI., 1997). It has been 
previously reported (Bekker et aI., 2000) that low levels of 
IL-6 are detected in supernatant fluids of activated lymphocytes 
from healthy adult Mexicans who had long before recovered 
from ALA, as compared to healthy controls; further, it has also 
been suggested that the downregulation of IL-6 could be an 
enhancing factor for ALA development (Bekker et aI., 2000). 
Furthermore, the decrease in IL-6 concentrations has a per-
missive role in ALA development, which may render the IL-6 
KO-'- mice particularly sensitive to E. histolytica infection. Al-
though C57BLl6 mice are resistant to ALA induction by ex-
perimental infection with E. histolytica, here we describe the 
experimental induction of ALA in a C57BLl6 IL-6 KO-'- strain 
of mice. Our results show that the inflammatory reaction is 
characterized mainly by an infiltrate of eosinophils as the pre-
dominant cells, when usually they are only found in the early 
inflammatory stages. of experimental amoebic liver disease 
(Tsutsumi and Martinez-Palomo, 1988). 
MATERIALS AND METHODS 
Parasites and mice infection 
Virulent trophozoites of Entamoeba histolytica (strain HMI-IMSS) 
were recovered from experimentally induced acute amoebic liver ab-
scess~s in hamsters (7 days). The initial axenic culture was started with 
a density of 7 X 105 trophozoites in 50 ml of TYI-S-33 medium (Di-
amond et aI., 1978) in plastic bottles. After 72 hr of incubation at 36 
C, the trophozoites were harvested, washed twice in 15 mM phosphate 
buffer, with 0.15 M NaCI, pH 7.2 (PBS); their viability was determined 
by trypan blue exclusion (>95%). Two-month-old C57BLl6 IL-6 
KO-I- or C57BLl6 WT mice were used. The numbers of individuals 
per group were 10, 12, and 5 KO-I- and 5,10, and 5 WT mice, which 
were analyzed on 5, 10, and 20 days postinfection (PI), respectively. 
Animal infections were performed in male mice with the use of I X 
106 trophozoites. Mice were anesthetized with 10% pentobarbital ad-
ministered intraperitoneally. After removal of abdominal hair, a lapa-
rotomy was carried out and viable trophozoites suspended in 100 f.LI of 
sterile PBS were inoculated intrahepatically. A sterile gel foam was 
placed on the site of injection to avoid leakage of inoculum. The ab-
domen wall and skin were closed with surgical sutures. A Sham oper-
ation was performed in WT mice. 
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TABLE I. Numbers of the different cellular types from representative abscess of each group. The cells were counted in 5 different fields in the 
same abscess to evaluate the changes in cell type and number. The number of eosinophils is significant in the abscesses on day 10 PI. In the 
abscesses from individuals on days 5 and 20 PI, the numbers of eosinophils were similar to the abscesses from the WT mice. WT: wild type; 
KO: IL-6 KO-I- mice; -: no abscess. 
Days No. of No. of % 
Mice postinfection abscesses amoebae Neutrophils 
KOl 5 1 6 75 
K02 5 2 4 100 
K04 5 5 4 100 
WTl 10 3 43 
KOl 10 10 ND 2.8 
K02 10 5 3 77.4 
K03 10 3 3.3 
K04 10 1 4 19.7 
K05 10 0 
K06 10 2 11 
K07 10 4 3 47 
K08 10 1 17 
K09 10 3 10 
KOlO 10 0 
KOll 10 2 3.6 
K0l2 10 0 0 0 
WTl 20 10 64 
KOl 20 1 96 
K02 20 0 
K03 20 5 15 69 
K04 20 7 58 
K05 20 0 
* p < 0.05. 
Histochemical procedures and cell counting 
After 5, 10, and 20 days PI, the animals were killed by ether over-
dose. Livers were removed, and examined macroscopically to count the 
number of abscesses, and tissue samples were taken from damaged and 
what appeared to be unaffected areas. Tissues were fixed with buffered 
10% formaldehyde, pH 7.0, and processed for paraffin embedding. Sec-
tions measuring 4-6 f.l.m thick were cut and stained with hematoxylin-
eosin and with periodic-acid Schiff (PAS). Abscess were analyzed mi-
croscopically by typing of the cell population, and counting 300 cells 
in 5 different fields. 
Statistics 
The design was a 3-factorial experiment. The independent variables 
were: (1) time of infection at which samples were taken (5, 10, or 20 
days); (2) type of mouse used, i.e., WT or KO-l-; and (3) occurrence 
of infection, i.e., yes or no. The presence or absence of abscesses in 
the tissue sample and number of eosinophils in the inflammatory infil-
trate were the dependent variables. The experiment was performed 
twice and the tissues used in each experiment at each time of infection 
were those of the normal or infected mice. For statistics, we used Sta-
tistica software (StatSoft, Inc., v2001-2002). A 2-tailed paired Student's 
t-test, with 95% confidence limit, was applied to evaluate the signifi-
cance of the presence (or absence) of ALA in KO-I- mice with respect 
to wild-type mice on day 10 PI and to evaluate the significance of 
eosinophil numbers present in ALA in KO-I- versus WT mice on day 
10 PI. 
RESULTS 
Figure 1 shows a representative micrograph of an IL-6 
KO-I- ALA at 10 days PI. Ten days after infection, livers from 
10 of 12 IL-6 KO-I- mice had developed an abscess. In the 
IL-6 KO-I- mice on day 5 PI, there were 3 abscesses in 10 
infected mice, whereas in the WT group (5 individuals) there 
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were no abscesses. On the day 20 PI, there were 3 abscesses 
from 5 infected individuals, and in the WT group there was 1 
abscess from 5 infected mice. The inflammatory reaction in the 
abscesses from IL-6 KO-I- mice on day 10 was different from 
the inflammatory reaction in the WT group. In the latter mice, 
we found a classical abscess with a necrotic center, cellular 
debris, macrophages, and neutrophils. In the IL-6 KO-I- mice, 
in most cases, eosinophils were present in the vicinity of amoe-
bae, along with neutrophils, and macrophages, but were in var-
iable and smaller numbers. 
Table I indicates the total numbers of different cellular types 
in random counts of 5 different fields from a representative 
abscess of each group. Eosinophils had a significant presence 
in most of the abscesses of the IL-6 KO-'- mice on day 10; 
macrophages and neutrophils were seldom seen when eosino-
p4ils were present. However, in the abscesses from IL-6 
KO-I- individuals at 5 or 20 days PI, the cellular populations 
were similar to those in the WT group. At these times, the 
abscesses were smaller and less frequent but, on day 5 PI, more 
amoebae were seen. 
DISCUSSION 
Clinical and laboratory animal observations suggest the ex-
istence of natural resistance to amoebiasis. However, studies in 
mice have not rendered conclusive data on the cellular and hu-
moral factors involved in resistance to E. histolytica infection 
(Ghadirian and Kongshavn, 1984; Anaya-Velazquez and Un-
derdown, 1990; Gosh et al., 1994). Thus, exploring the cellular 
and molecular basis of immunity in naturally resistant species, 
• 
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such as mice, may lead to a better understanding of the sus-
ceptibility and resistance to E. histolytica infection. The data 
presented in the present work show a breakdown of the resis-
tance to ALA in mice deficient in IL-6. 
The IL-6 KO-'- mice develop an intense chronic inflamma-
tory reaction with many eosinophils in most livers at 10 days 
PI. Neutrophils and macrophages are seen in contact with 
amoebae in the necrotic area. This is remarkable because it is 
known that an intense acute inflammatory reaction with few 
eosinophils accompanies the early establishment of E. histoly-
tica in the livers of infected mice (Tsutsumi and Martinez-Pal-
omo, 1988). 
The role of eosinophils and IL-6 during liver abscess sus-
ceptibility has been reported in an in vivo study of healthy adult 
Mexicans who had long before recovered from ALA, as com-
pared with healthy Mexican controls (Bekker et aI., 2000). In 
that study, it was found that the Th2 cytokines, IL-5 and 
IL-6, were produced in a significantly diminished fashion by 
peripheral blood mononuclear cells (PBMC) of healthy Mexi-
cans with a past history of ALA when compared to controls. 
This condition may be of biological relevance in ALA. How-
ever, in vitro studies with activated eosinophils from both hu-
mans and gerbils have revealed that these cells may be capable 
of eliminating the parasite (Velazquez et aI., 1995; L6pez-Osu-
na et aI., 1997). 
The present study agrees, in part, with these previous results, 
i.e., a poor IL-6 response may contribute first to the early es-
tablishment of the amoebae in the liver and then to the paucity 
of late inflammation leading to a necrotic ALA status. However, 
the high prevalence of eosinophils even on day 10 indicates 
that these cells could be irrelevant during the development of 
extraintestinal amoebiasis. Moreover, it is also possible that eo-
sinophils could be inactivated in the process. As a result, the 
transition from an early neutrophil to a late mononuclear cell 
inflammatory infiltrate, a hallmark of normal inflammation, 
probably orchestrated by IL-6 (Kaplanski et al., 2003), could 
be weakened. In previous studies, it was shown that neutrophils 
playa major protective role in resolving hepatic E. histolytica 
infection in mice (Velazquez et aI., 1998). During a successfully 
resolved acute inflammatory episode of amoebiasis, it has been 
reported that the leukocyte recruitment is characterized by an 
initial influx of neutrophils, followed by their clearance and 
replacement by a more sustained population of mononuclear 
cells (Topley et aI., 1996). Although IL-6 does not affect the 
initial rate of neutrophil infiltration, studies in IL-6-deficient 
mice show that IL-6 blocks neutropnii accumulation at sites of 
infection or inflammation (Xing et aI., 1998). This could be the 
case in our experimental model and explain the variability in 
the number of neutrophils in IL-6 KO-I- individuals 10 days 
PI (Table I). 
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EXPERIMENTAL INFECTION OF CATTLE WITH A FELINE ISOLATE OF 
TRITRICHOMONAS FOETUS 
Heather Stockdale, Soren Rodning*, Maurice Givens, David Carpentert, Stephen Lenz:j:, Jennifer Spencer, 
Christine Dykstra, David Lindsay§, and Byron Blagburn 
Auburn University, Department of Pathobiology, 166 Greene Hall, Auburn, Alabama 36849. e-mail: stockhd@auburn.edu 
ABSTRACT: Tritrichomonas foetus is the causative agent of bovine trichomoniasis, a sexually transmitted disease in cattle that 
can result in large profit losses for cattle producers. Increasing reports have suggested that T. foetus is also the causative agent 
of large-bowel diarrhea in cats. To determine if the trichomonads recovered from the reproductive tract of cattle and the large 
intestine of cats can thrive in the same host, 2 groups of virgin Angus heifers were inoculated with T. foetus. The first group of 
heifers was inoculated with a bovine T. foetus isolate cultured from a naturally infected cow, and heifers in the second group 
were inoculated with T. foetus organisms cultured from the feces of a naturally infected cat. Over an ll-wk period, vaginal, 
cervical, and uterine mucus samples were analyzed, along with a single transcervical uterine biopsy sample, to determine organism 
and disease presence, The mucus and biopsy samples collected from each group indicate that the disease caused by feline and 
bovine isolates of T. foetus are comparable, but not identical. 
Tritrichomonas foetus is a flagellated, protozoan parasite that 
causes bovine trichomoniasis, a venereal disease resulting in 
infertility and abortion, pyometra, endometritis, vaginitis, and 
cervicitis in infected cows, In bovines, T. foetus inhabits the 
vagina, cervix, and uterus of cows and the preputial cavity of 
bulls (BonDurant, 1985, 1997; Felleisen, 1999), Tritrichomonas 
foetus appears to be a cosmopolitan organism, Experimental 
data demonstrate that T. foetus infections can be sustained in 
mice for at least 26 wk (Hook et aI., 1995) and may be a 
causative agent of diarrhea in dogs (Gookin et al., 2005), There 
has been an attempt to synonymize T. foetus and T. suis, a 
gastrointestinal trichomonad of pigs (Tachezy et al., 2002). One 
case report described trichomonad organisms resembling T. foe-
tus in the cerebral spinal fluid of a human patient who under-
went a peripheral blood stem cell transplant (Okamoto et aI., 
1998). Numerous reports have appeared recently in the scien-
tific literature in which a species of Tritrichomonas was re-
ported as a cause of large bowel diarrhea in cats (Stockdale et 
al., 2006). Structural, morphological, and molecular data sug-
gest the causative agent is T. foetus (Gookin et aI., 2002; Levy 
et aI., 2003; Yeager and Gookin, 2005). Cats infected with T. 
foetus may present with flatulence, tenesmus, and chronic di-
arrhea that may contain blood or mucus (Gookin et aI., 1999, 
2001; Foster et aI., 2004). These cats also come from a variety 
of backgrounds, which mayor may not include contact with 
cattle (Gookin et al., 1999, 2004; Stockdale et aI., 2006). Tri-
trichomonas foetus is found in the large intestine of cats, com-
monly along the mucosal surface of the colon; it may also be 
found in the ileum and cecum (Gookin et al" 2001; Yeager and 
Gookin, 2005). Determination of the species of Tritrichomonas 
responsible for diarrhea in cats may 'help clarify host suscepti-
bilities and routes of transmission for parasites within this ge-
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nus. This research reports the results of experimental infection 
of heifers with T. foetus obtained from naturally infected cats. 
We also attempted to infect a cohort of heifers with T. foetus 
obtained from naturally infected cattle to serve as a positive 
control. Results from this study may help support or refute the 
synonymy of species infecting the 2 different hosts. 
MATERIALS AND METHODS 
Heifers and estrus synchronization 
Twenty virgin Angus heifers, ranging in age from 15 to 29 mo, were 
obtained from a reproductive herd maintained at the Auburn University 
College of Veterinary Medicine. These heifers were randomly divided 
into 2 groups of 10, and a vaginal sample was taken from each heifer 
and cultured to ensure no prior infection with T. foetus. The average 
age of heifers in the first group was 19.8 mo; heifers in this group were 
inoculated with a bovine isolate of T. foetus obtained from a naturally 
infected cow. The average age of heifers in the second group was 23 
mo; heifers in this group were inoculated with a feline isolate of T. 
foetus obtained from a naturally infected cat. The group receiving the 
bovine isolate was inoculated and monitored first. After sampling com-
pletion, the group receiving the feline isolate was inoculated and mon-
itored. These were not concurrent experiments, Infections with the bo-
vine isolate were conducted April 2006 through September 2006, and 
infections with the feline isolate were conducted October 2006 through 
April 2007. 
To improve the chances of successful infection, inoculations with T. 
foetus were carried out during estrus, which was synchronized among 
heifers in each group to mimic natural infection during coitus (Skirrow 
and BonDurant, 1990; BonDurant, 1997). Estrus synchronization was 
achieved using an EAZI- BREED@ CIDR® (controlled vaginal drug 
release) insert (Pfizer, InterAg, Hamilton, New Zealand), delivering 1.38 
g of progesterone over a 7-day period. At the time of progesterone 
device insertion, each heifer also received 2 ml (l00 j.Lg) of Cystorelin® 
(gonadorelin diacetate tetrahydrate) (Merial, Duluth, Georgia) by intra-
muscular injection with an 18-gauge, 40-mm needle. After 7 days, the 
CIDR® inserts were removed and the heifers were given 5 ml (25 mg) 
of Lutalyse® (dinoprost trometharnine) (Pfizer, Pharmacia & Upjohn 
Co., New York, New York) by intramuscular injection with an 18-
gauge, 40-mm needle, Time of estrus for each heifer was determined 
with the use of the HeatWatch® Estrus Detection System (CowChips, 
LCC, Denver, Colorado). The radiofrequency transmitters for Heat-
Watch® were placed in nylon patches and glued to the caudal dorsal 
midline of each heifer on day 7 with the use of cattle back-tag cement 
(H. B. Fuller Company, St. Paul, Minnesota) as described in the 
HeatWatch® user's manual. The system data, i.e., mounting frequency, 
was evaluated during the first 5 days to determine inoculation times for 
each heifer with T, foetus. When estrus was confirmed, 8 heifers in each 
group of 10 were inoculated with 106 T, foetus organisms of either 
bovine or feline origin. The 2 remaining heifers in each group were 
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used as negative controls and were inoculated with sterile, parasite-free 
phosphate-buffered saline solution (PBSS). 
Organisms and inoculation 
A previously cloned (Skirrow and BonDurant, 1990) bovine isolate 
of T. foetus (D-l) was originally cultured from a naturally infected cow. 
A feline isolate of T. foetus (AUTf-l) was obtained from the feces of 
a naturally infected cat that presented with diarrhea to the Auburn Uni-
versity College of Veterinary Medicine (Stockdale et aI., 2006). The 
feline isolate was cultured in trypticase-yeast extract-maltose medium 
(TYM) without agar (Diamond, 1983). A single cell clone of the feline 
isolate was obtained by limiting dilution and both the feline and bovine 
isolates were stored in freezing media in liquid nitrogen until 1 wk prior 
to infection. The freezing media was made under sterile conditions with 
the use of FCS, DMSO, and TYM at 3:2:5, respectively. Immediately 
prior to inoculation, each isolate was thawed and maintained in TYM 
at 37 C. Isolates were washed and suspended in sterile PBSS at a con-
centration of 106 trichomonads/mI. Approximately 1 ml of this suspen-
sion was inoculated into the cranial lumens of the vaginas of 8 of the 
10 heifers in the group with the use of a 52.5-cm infusion pipette 
equipped with a flex adaptor (Continental® Plastic Co., Delavan, Wis-
consin). The 2 remaining heifers in each group were inoculated with 1 
ml of sterile, parasite-free PBSS. 
Sampling procedures 
At 24 hr postinoculation (PI), samples were taken from the cranial 
vagina and cervix of each heifer. One control heifer was sampled first 
to assure the absence of cross-infections between the heifers. The sec-
ond control heifer was randomly placed among the remaining 8 infected 
heifers to assure trichomonads were not transmitted by our sampling 
techniques. Vaginal mucus samples were collected from each heifer 
using a sterile 52.5-cm infusion pipette with a flex adaptor and 20-ml 
syringe. Cervical mucus samples were collected with the use of a sterile, 
stainless steel 112 ml French-style straw gun (Nasco, Fort Atkinson, 
Wisconsin) covered by a plastic French-style sheath (Nasco), further 
covered by a plastic 52.5-cm oversleeve sanitary chemise (Agtech, Inc., 
Manhattan, Kansas) to prevent contamination with vaginal contents. 
Cervical mucus was aspirated with the use of a 20-ml syringe. Vaginal 
and cervical mucus samples were each suspended in 2-ml TYM. Vag-
inal and cervical mucus samples were collected daily for 7 days, and 
then biweekly for 10 wk. Beginning 1 wk PI, samples were collected 
from 1 uterine hom of each heifer once weekly for 10 wk. Prior to 
uterine sampling, each heifer was administered a low caudal epidural 
of 2% lidocaine HCl (0.5 m1l45.5 kg) (Hospira, Inc., Lake Forest, Illi-
nois) with the use of an 18-gauge, 35-mm needle to facilitate sample 
collection. Also prior to uterine sampling, the perineal region was 
washed 3 times with water and T-Scrub© povidone-iodine cleansing 
solution (Thatcher Co., Salt Lake City, Utah). A sterile 14-, 16-, .18-, 
or 20-F catheter was passed through the cervical canal and into the 
uterine hom. Uterine mucus samples were collected by flushing ap-
proximately 20 ml of sterile PBSS into and out of the uterine hom. 
Samples were evaluated by culture as described below. All heifers were 
sampled until trichomonads were no longer recovered from cultured 
samples. 
During week 6 PI, a transcervical uterine biopsy was performed and 
endometrial samples were obtained from each heifer after the admin-
istration of low caudal epidural anesthesia, as previously described. This 
procedure was performed with the use of Jackson uterine biopsy for-
ceps. The endometrial biopsy samples were fixed in 10% neutral buff-
ered formalin and processed with routine histologic techniques. 
Sample evaluation 
Vaginal and cervical samples were returned to the laboratory and 
maintained in TYM at 37 C for 1 wk. Uterine samples (2 ml) were 
resuspended in TYM and maintained at 37 C for 1 wk. All samples 
were examined after 2 days in culture with the use of standard light 
microscopy at XI 00 magnification. Samples were designated as positive 
(+) or negative (-) based on the presence of motile T. foetus tropho-
zoites. All samples were discarded after T. foetus was observed or after 
2 consecutive negative examinations. 
Biopsy specimens were scored in a blinded fashion for periglandular 
and interstitial inflammation, the presence of an intact epithelium, and 
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FIGURE 1. Cumulative weekly vaginal, cervical, and uterine positive 
cultures taken from heifers inoculated with the bovine isolate of Tritri-
chomonas foetus. Sampling was performed daily during the initial week 
(WO) and biweekly for the remaining 10 wk (WI-WlO). 
endometrial edema. Inflammation was characterized based on the pres-
ence of neutrophils, lymphocytes, plasma cells, macrophages, and eo-
sinophils, and their distribution, along with edema, throughout the sam-
ple. Each specimen was scored with the use of a scale of increasing 
severity: 1 = minimal, 2 = slight, 3 = moderate, 4 = marked, 5 = 
severe, extensive. Surface epithelium and uterine glands were noted as 
present (P) or absent (A). Overall scores were calculated by taking the 
product of a leukocyte score and the distribution score, followed by 
addition of the edema score. 
Statistical analysis 
All statistical analyses were performed with the use of SAS® Statis-
tical Software (SAS Institute, Inc., Cary, North Carolina). Statistical test 
results with a P value less than 0.05 were reported as significant. Two-
sample t-tests were used to analyze total vaginal and cervical positives 
between each experimental group during the first week of sampling, as 
well as total days vaginal, cervical, and uterine positives during sam-
pling weeks 1-10. This test was also used to compare inflammatory 
scores between the 2 groups. A log-rank test, with the use of the Lifetest 
procedure in SAS®, was used to analyze the time until a positive uterine 
sample was detected. Fisher's exact tests, using the Freq procedure in 
SAS®, were used to compare the numbers of heifers of each group 
retaining an intact surface epithelium and the numbers of each group 
that had cleared the trichomonad infection by week 19 PI. 
RESULTS 
Trichomonads recovered from samples 
Motile trichomonads were detected in cultures of vaginal and 
cervical mucus from heifers infected with both bovine D-l (Fig. 
1) and feline AUTf-l (Fig. 2) T. foetus isolates. We observed 
both vaginal and cervical positive cultures in both groups be-
ginning from day 1 PI through day 7 PI. The mean number of 
vaginal positive and cervical positive days were 4.5 and 3.9, 
respectively, for heifers inoculated with the bovine isolate of T. 
foetus, and 4.3 and 3.0, respectively, for heifers inoculated with 
the feline isolate of T. foetus. These means were not statistically 
significantly different between the groups infected with bovine 
or feline T. foetus isolates with respect to the number of vaginal 
(P = 0.587) or cervically positive (P = 0.213) days during the 
first week. During the remaining 10 wk of sampling, motile 
Total positive samples during WO-W10 (feline AUTf-1 isolate) 
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6~~~~hrl~IHHI~~~IHHIHr--------~ 
5~+t~HH+t~~IHHHHI1H~IHH~--------~ 
4~~~~HH~IHHI~Hf1H~IHHIHr--_,--_r~ 
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2~+t~~HH~IHHI1HflH~IHHIHr--~~~~ 
O~~~~~~~~~~~rr~~~~ 
iililllilli Illill.llii II.Jllillli 
vaginal sample cervical samples uterine samples 
Sampling Weeks 
FIGURE 2. Cumulative weekly vaginal, cervical, and uterine positive 
cultures taken from heifers inoculated with the feline isolate of Tritri-
chomonas foetus. Sampling was performed daily during the initial week 
(WO) and biweekly for the remaining 10 wk (WI-WlO). 
trichomonads were detected in cultures of vaginal and cervical 
mucus in 7 of 8 inoculated heifers from both groups (Figs. 1, 
2). There were no statistically significant differences in the total 
number of vaginal days positive (P = 0.3495) or cervical days 
positive (P = 0.4313) for infected heifers between each group 
during the 10 sampling weeks. A thick, yellow vaginal dis-
charge was observed in many of the infected heifers. 
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Heifers from each group had uterine samples posiuve for 
motile trichomonads. Positive uterine samples also contained a 
thick, yellow mucopurulent exudate. Uterine samples were pos-
itive in 7 of 8 heifers inoculated with the bovine T. foetus iso-
late at 1, or more, collection points during the lO-wk sampling 
period (Fig. 1), whereas uterine samples were positive in 5 of 
8 heifers inoculated with the feline T. foetus isolate (Fig. 2). 
There were no statistically significant differences in the number 
of uterine positive heifers between each group (P = 0.4980). 
The time until development of a uterine infection in heifers 
inoculated with the bovine isolate ranged from 1 to 6 wk PI, 
whereas heifers inoculated with the feline isolate ranged from 
2 to 3 wk PI. There were no statistically significant differences 
in time required to establish a uterine infection between the 2 
groups (P = 0.385). The mean time to detection of positive 
uterine samples was 3 wk PI for both groups. 
Uterine biopsies 
Examination of endometrial biopsies revealed endometritis, 
with both periglandular and interstitial inflammation, in heifers 
from each infection group. A mixed infiltrate of inflammatory 
cells was present, along with varying degrees of edema and 
decreased glandular density. Heifers infected with the bovine 
T. foetus isolate demonstrated more variability in severity of 
endometritis than those infected with the feline T. foetus isolate 
with respect to periglandular (P = 0.004) and interstitial inflam-
mation (P = 0.009). This was evident in calculated histologic 
scores of each uterine biopsy sample (Table I). Overall mean 
histological scores for heifers infected with the bovine isolate 
TABLE I. Inflammatory response of T. foetus infection determined from tnlnscervical, uterine biopsies of endometrial tissue. Uterine samples were 
taken from heifers infected with the bovine isolate (D-I) and feline isolate (AUTf-I) of T. foetus. Scores from each heifer (1 = minimal, 2 = 
slight, 3 = moderate, 4 = marked, 5 = severe, extensive; data not shown) were taken and individual leukocyte scores were calculated by taking 
the product of each leukocyte score and the distribution score given for each sample. Individual scores are shown below. The maximum and 
minimum overall scores are calculated by taking those individual scores and adding the edema score. A dash denotes that samples were not 
available. 
Heifer no. (D-I isolate) Heifer no. (AUTf-1 isolate) 
Leukocyte 2 3 4 5 6 7 8 9 10 2 3 4 5 6 7 8 9 10 
Peri glandular 
Neutrophils 4 0 0 2 0 0 0 0 0 0 0 0 0 0 2 0 0 
Lymphocytes 6 0 0 0 0 I 0 0 2 
Plasma cells 4 0 0 I 0 I I I 0 2 0 2 
Macrophages 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Eosinophils 4 0 0 0 0 0 •. 0 0 1 0 0 I 0 0 0 0 
Edema 4 0 4 2~ , 3 2 3 2 3 2 2 2 2 3 2 2 
Maximum 10 0 4 4 3 3 4 3 4 3 2 4 2 5 3 4 
Minimum 4 0 4 3 3 2 3 2 3 2 2 2 2 3 2 2 
Average 7.6 0 4 2.8 3 2.4 3.4 2.4 3.6 2.4 2 2.8 2 3.8 2.4 2.8 
Interstitial 
Neutrophils I 1 0 6 12 0 0 4 0 0 0 2 0 0 0 2 
Lymphocytes 0 0 0 3 12 2 2 4 4 
Plasma cells 1 0 9 16 2 2 1 2 I 1 4 1 2 2 6 
Macrophages 0 0 0 0 0 0 0 0 0 2 0 0 2 0 0 0 2 
Eosinophils 0 0 0 4 0 0 2 0 0 0 0 4 0 0 2 
Edema 4 0 4 2 3 2 3 2 3 2 2 2 2 3 2 2 
Maximum 5 I 4 11 17 4 4 7 3 5 3 3 6 3 5 4 8 
Minimum 4 0 4 2 1 3 2 3 2 3 2 2 4 2 3 2 4 
Average 4.6 0.4 4 5.6 9.8 3.4 2.6 5 2.6 4.2 2.4 2.4 5.2 2.6 3.6 2.6 5.2 
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FIGURE 3, Transcervical uterine biopsy samples from 3 heifers taken 6 wk PI. (A) A normal uterine sample, from control heifer ID #6, feline 
isolate. Note the presence of the epithelial border and glands. (B) A sample from heifer ID #4, infected with the AUTf-1 feline isolate of 
Tritrichomonas foetus. Note the absence of the epithelial border and the presence of periglandular inflammation and edema, This is the only 
sample in which the epithelial border was not intact, (C) A normal uterine sample, from control heifer ID #4, bovine isolate. Note the presence 
of the epithelial border and glands. (D) A sample from heifer ID #5, iJ)fected with the D-I bovine isolate of T. foetus, Note the absence of glands 
and epithelial border and an infiltrate of mixed inflammatory cells. 
ranged from 0.0 to 7.6 for periglandular inflammation, and 0.4 
to 9.8 for interstitial inflammation. In contrast, the overall mean 
histologic scores for heifers infected with the feline isolates 
ranged from 2.0 to 3.8 for periglandular inflammation, and 2.4 
to 5.2 for interstitial inflammation (Table I). There were no 
statistically significant differences in mean histologic scores be-
tween heifers infected with either isolate with respect to per-
iglandular (P = 0.731) and interstitial inflammation (P = 0.40). 
In addition to peri glandular and interstitial inflammation, 
presence or absence of surface epithelium was also noted. Sur-
face columnar epithelium was intact in 7 of 8 heifers infected 
with the feline isolate of T. foetus (Fig. 3A, B), whereas none 
of 6 heifers infected with the bovine isolate of T. foetus had 
intact surface epithelium present (Fig. 3C, D) (epithelial scores 
were not available for 2 heifers). Epithelial scores were statis-
tically significantly different between the 2 groups (P = 0.005). 
Trichomonad infection clearance times were also evaluated 
between each group. Clearance times were based on pOSlt1ve 
or negative vaginal and cervical mucus samples. Samples were 
cult.ured weekly after the lO-wk study period was complete. 
Heifers were considered free of infection if 5 consecutive neg-
ative vaginal and cervical samples were observed. After 20 wk 
PI, trichomonads were no longer detectable in heifers infected 
with the bovine isolate. In contrast, trichomonads were no lon-
ger detectable in only 2 of the heifers infected with the feline 
isolate by 20 wk PI. There is a statistically significant difference 
in clearance times between each group (P = 0.021), 
DISCUSSION 
Heifers inoculated with both bovine and feline T. foetus iso-
lates that sustained trichomonad infections had pathologic 
changes in the reproductive tract consistent with previous re-
ports of bovine trichomoniasis (Skirrow and BonDurant, 1990; 
Anderson et al., 1996; Felleisen, 1999). Because the experi-
ments were not concurrent, the age of each heifer was also 
considered when evaluating infections. The average age of heif-
ers inoculated with the bovine or feline T. foetus isolate was 
19.8 and 23 mo, respectively. Age did not appear to impact 
susceptibility to trichomonad infection. Biweekly mucus aspi-
rations revealed vaginitis and cervicitis in infected heifers, and 
endometritis was evident from uterine washes and uterine bi-
opsy samples. Trichomonads were recovered from vaginal and 
or cervical samples from heifers in both groups during the first 
week of infection, beginning 24 hr PI. Previous studies resulted 
in similar findings (Skirrow and BonDurant, 1990). All heifers 
infected with the bovine T. foetus isolate cleared the infection 
by week 20, whereas 5 heifers infected with the feline T. foetus 
isolate remained culture positive at week 20 and 3 heifers re-
mained culture positive at week 30. Persistence of infection 
with both isolates in this study remains within range of persis-
tent infection with bovine T. foetus in previous studies (Skirrow 
and BonDurant, 1990). In both groups in the present study, 7 
of 8 heifers maintained trichomonad infections for the duration 
of the study and, although not all infected heifers developed 
uterine infections, there were no statistical differences between 
the 2 groups. 
Infertility and abortions due to bovine trichomoniasis can im-
pose economic losses to cattle producers (BonDurant, 1997). 
Embryonic death may result from endometritis, which can po-
tentially disrupt the implantation of the embryo due to inflam-
mation and loss of surface epithelium. Other protozoan agents, 
as well as viral or bacterial pathogens, may also cause abortion 
and infertility (Vanroose et al., 2000). Experimental infection 
in the present study resulted in endometritis among heifers in 
both experimental groups. Trichomonads were present in uter-
ine washes and were accompanied by mucopurulent discharge 
and histologic evidence of inflammation. Biopsy samples of the 
uterine endometrium contained an influx of mixed inflamma-
tory cells, i.e., plasma cells, macrophages, neutrophils, and eo-
sinophils, as well as edema and loss of surface epithelium. Heif-
ers within the group inoculated with the bovine T. foetus isolate 
had a significantly higher variability of inflammation than heif-
ers within the group inoculated with the feline isolate. However, 
mean levels of inflammation between the 2 groups were com-
parable. This suggests that the trichomonads induce the same 
pathology, regardless of origin. 
A significant difference was observed between the 2 isolates 
regarding the presence or absence of endometrial surface epi-
thelium. All samples from heifers infected with the bovine T. 
foetus isolate were devoid of an intacf surface epithelial border, 
whereas only 1 of 7 samples from heifers infected with the 
feline isolate was without an intact surface epithelial border. 
Although the feline isolate is capable of inducing trichomoni-
asis and many of the resulting pathologic effects, the reduced 
ability to cause the loss of the surface epithelium may suggest 
different parasite-host interactions. This could represent genetic 
divergence, and the introduction of a parasite into a host to 
which it is not readily adapted. This may also suggest that in-
fection with the feline isolate of T. foetus may not cause infer-
tility or abortion, a potential result of endometritis that may 
cause the loss of surface epithelium and disruption of embry-
onic implantation. 
Tritrichomonas foetus may be a multihost parasite capable of 
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infecting a variety of hosts. Many livestock parasites (as many 
as 77% by 1 estimate) are indeed multihost parasites (Haydon 
et al., 2002). All hosts for T. foetus are mammalian, and the 
site of infection is the lumen of either the gastrointestinal or 
reproductive tract. Tritrichomonas foetus recovered from cats 
may have adapted to the new host environment by exploiting 
the similarities of the cow's reproductive tract and large intes-
tine. Both are luminal environments, which require the parasite 
to develop a means of adherence to epithelial cells, a common 
characteristic of T. foetus in both cows and cats (Felleisen, 
1999; Yeager and Gookin, 2005). 
The mechanism of T. foetus transmission between different 
host species remains unknown, as does the definitive routes of 
transmission between feline hosts. Additional cross-transmis-
sion studies, particularly attempts to transmit bovine isolates of 
T. foetus to cats, are needed. Additional molecular comparisons 
are also a necessary component of future research. To date, the 
internal transcribed spacer region (ITSI and ITS2) and the 5.8S 
and l8S rRNA genes are the standards used for genetic com-
parisons between the bovine and feline isolates of T. foetus 
(Gookin et al., 2002; Levy et al., 2003; Grahn et al., 2005). 
Future studies must combine genetic information, biological 
and structural data, and host specificity and parasite-host inter-
actions, to define the taxonomy of T. foetus conclusively. 
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PHYLOGENETIC ANALYSIS OF HEPATOZOON SPECIES (APICOMPLEXA: ADELEORINA) 
INFECTING FROGS OF NOVA SCOTIA, CANADA, DETERMINED BY ITS-1 SEQUENCES 
Bryant Boulianne, Rodger C. Evans, and Todd G. Smith* 
Department of Biology, Acadia University, Wolfville, Nova Scotia, Canada B4P 2R6. e-mail: todd.smith@acadiau.ca 
ABSTRACT: Species of Hepatozoon are apicomplexan parasites infecting tetrapod vertebrates and hematophagous art.hropods. 
Two species, Hepatozoon catesbianae and Hepatozoon clamatae, have been described inhabiting the erythrocytes of bullfrogs 
and green frogs. A number of characteristics typically used to distinguish between members of this genus are shared between 
these 2 species, prompting speculation as to whether or not these organisms are in fact distinct species. To test the species 
distinction, bullfrogs and green frogs were captured at various sites across Nova Scotia, blood samples were collected, and DNA 
was extracted from samples containing parasites. The internal transcribed spacer I (ITS-I) from geographically diverse samples 
of both species was amplified by PCR, sequenced, and analyzed, ITS-l sequences from the 2 species revealed single-nucleotide 
polymorphisms at 6 sites. Phylogenetic analysis of these molecular data and cytopathological features place isolates of each 
species in separate monophyletic groups. Comparison of the ITS-I sequences between isolates from Nova Scotia and Ontario 
revealed that ITS-I sequences of H, catesbianae from a previous study were mischaracterized as being those of H. clamatae. 
Phylogenetic data based on molecular variation and cytopathological features from this study provide the strongest evidence to 
date supporting the distinction between these 2 species. 
Species of Hepatozoon are apicomplexan parasites that infect 
the viscera and blood of a wide range of vertebrates including 
amphibians, mammals, reptiles, and birds, which serve as in-
termediate hosts, and a variety of hematophagous arthropods 
including mosquitoes, ticks, mites, and flies, which serve both 
as vectors and as definitive hosts of the parasite (Smith, 1996). 
Hepatozoon species are haemogregarines, an informal grouping 
of 6 genera of adeleorin Apicomplexa that infect the erythro-
cytes of their vertebrate hosts and share many morphological 
and life cycle traits. Morphologically, the intraerythrocytic 
gamonts of one Hepatozoon species often bear a strong resem-
blance to those of other species of the genus, as well as those 
of species of other haemogregarine species. However, these par-
asites exhibit complex life cycles in 2 or more hosts. Thus, life. 
cycle characteristics, such as the location of sporogony within 
the definitive host and features of the cystic stages, are critical 
in determining the systematics of these parasites (Siddall, 1995; 
Smith, 1996). 
Stebbins described Haemogregarina catesbianae (1903) and 
Karyolysus clamata (1905) in the blood of bullfrogs, Rana ca-
tesbeiana, and green frogs, Rana clamitans, respectively, in 
New York. Upon experimental determination of the life:. cycle 
of Haemogregarina catesbianae in ranid frogs and in the mos-
quito, Culex territans, the species was redescribed as Hepato-
zoon catesbianae based on shared life cycle characteristics with 
fully described Hepatozoon species (Desser et aI., 1995). Smith 
(1996), in his revision of Hepatozoon, reclassified Haemogreg-
arina clamatae (Lehmann, 1960), a redescription of Karyolysus 
clamata, as Hepatozoon clamatae. l)etermination of the life cy-
cle of H. clamatae (Kim et al., 1998) supported this reclassi-
fication, revealing this species to exhibit a life history charac-
teristic of Hepatozoon. 
The study by Kim et al. (1998) revealed a number of simi-
larities between H. clamatae and H. catesbianae. Both species 
infect the same hosts, have the same host ranges, and exhibit 
highly similar life cycles. Traits normally used to distinguish 
among Hepatozoon species were found to be indistinguishable 
between these 2 species. Analysis of the internal transcribed 
Received 29 August 2006; revised 27 April 2007; accepted 2 May 
2007. 
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spacer 1 (ITS-l) sequence from isolates of both species in On-
tario did not reveal any shared nucleotide polymorphisms that 
could serve to distinguish between the 2 (Kim et aI., 1998). 
Kim et al. (1998) maintained the distinction between these 
species on the basis that gamonts of H. clamatae fragment the 
nuclei of their host erythrocytes, a character not seen in eryth-
rocytes infected with H. catesbianae (Kim et aI., 1998). Other 
traits used to support this distinction include the inability of H. 
catesbianae to infect leopard frogs (Rana pipiens) and that H. 
clamatae exhibited a higher parasitemia in green frogs than in 
bullfrogs, whereas the opposite was seen for H. catesbianae 
(Kim et al., 1998). 
However, a number of factors raise doubts about the species 
distinction, most notably the reliability of using cytopatholog-
ical features alone to differentiate among the species. ITS-I, a 
noncoding spacer region located between the 18S and 5.8S 
rRNA genes, has been used previously for comparative studies 
among apicomplexans including species of Eimeria (Lew et aI., 
2003; Su et aI., 2003), Toxoplasma, Neospora (Homan et al., 
1997), and Hepatozoon (Smith et al., 1999). Because ITS-1 
sequences have been successfully used in the past to distinguish 
between closely related species, the absence of synapomorphies 
in the ITS-l sequences between H. catesbianae and H. cla-
matae in the study by Kim et aI. (1998) undermines the current 
species distinction. 
In the present study, we evaluate the geographic distribution 
and prevalence of these 2 Hepatozoon species infecting frogs 
in Nova Scotia. In addition, the species distinction between 
these 2 parasites is reevaluated using the ITS-1 sequences of 
Nova Scotian isolates of both species to test the hypothesized 
species distinction maintained by Kim et aI. (1998). Prevalence 
of the parasites among their 2 primary vertebrate hosts, green 
frogs and bullfrogs, was also analyzed for comparison with the 
host affinity observations made by Kim et al. (1998). 
MATERIALS AND METHODS 
Six species of ranid frogs (green frog, R. clamitans; bullfrog, R. ca-
tesbeiana; leopard frog, R. pipiens; wood frog, Rana sylvatica; pickerel 
frog, Rana palustris; mink frog, Rana septentrionalis) were captured 
from various aquatic habitats across Nova Scotia between June and 
August 2005 (Fig. 1; Table I). Approximately 20-40 fl.l of blood was 
collected on site from frogs by quick insertion and withdrawal of a 27-
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FiGURE I. Map of the prevalence of Hepatozoon species infecting frogs in Nova Scotia. Circles with horizontal hatching indicate the presence 
of Hepatozoon clamatae, circles with vertical hatching indicate the presence of Hepatozoon catesbianae, and circles that are hatched both vertically 
and horizontally are indicative of the presence of both species (in the same region or even the same frog). White circles represent sites where 
Hepatozoon infections were not found in any frogs sampled. Locations of the 3 H. catesbianae isolates (GF2-WtL, GF2-AyS, GF2-H7S2) and 
five H. clamatae isolates (GF1-HMSR, GF2-HMSR, GF2-LLDR, GF2-RdzL, GF1-SdLl) used for ITS-I sequencing analysis are indicated on the 
map. 
gauge needle through the skin into the maxillary vein between the upper 
jaw line and the anterior side of the tympanum. The blood that welled 
up was drawn into 2 heparinized hematocrit tubes. The contents of I 
hematocrit tube containing 10-20 fLI of blood were transferred into a 
vial. Sample vials were kept in an insulated container at 0 C until they 
were transferred to a -20 C freezer within 12 hr. The contents of She 
second hematocrit tube, containing 10-20 fLI of blood, were transferred 
onto a glass microscope slide and smeared to form a thin blood film. 
Blood smears were stained using Diff-Quik® (Dade Behring, Diidingen, 
Switzerland). Frogs were treated with Bactine® antiseptic at the punc-
ture site and released. All frogs were handled and sampled according 
to guidelines approved by the Animal Care Committee of Acadia Uni-
versity. 
Blood smears from all samples were examined using bright-field mi-
. , 
croscopy and analyzed for intraerythrocytic gamonts of Hepatozoon 
species (Fig. 2). Distinction between the presence of gamonts of H. 
catesbianae and H. clamatae was made on the basis of nuclear disrup-
tion of host erythrocytes as described by Kim et aI. (1998). 
Infection patterns among and within host species were compared us-
ing contingency table analysis in SAS (SAS Institute, Inc., 2000). A 
chi-square test was used for analysis except for analyses where expected 
values for any cells of the table were less than 5, in which case a Fisher 
exact test was used. 
DNA from 8 geographically diverse samples of green frog blood 
positive for Hepatozoon spp. were isolated using a Qiagen DNeasy® 
DNA extraction kit (Mississauga, Ontario, Canada). Three samples of 
H. catesbianae (GF2-AyS, GF2-WtL, and GF2-H7S2) and 5 samples 
of H.-clamatae (GFI-HMSR, GF2-HMSR, GF1-SdLl, GF2-RdzL, and 
TABLE I. Prevalence of infections of Hepatozoon species in sampled frogs. 
Hepatozoon 
Host species catesbianae 
Green frog (Rana clamitans) 9 
Bullfrog (Rana catesbeiana) 3 
Leopard frog (Rana pipiens) 0 
Mink frog (Rana septentrionalis) 0 
Wood frog (Rana sylvatica) 0 
Pickerel frog (Rana palustris) 0 
Total 12 
Hepatozoon 
clamatae 
41 
0 
0 
0 
0 
42 
Mixed 
infection 
11 
0 
0 
0 
0 
0 
II 
Not 
infected 
8 
13 
2 
26 
Total 
69 
17 
I 
1 
2 
91 
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FIGURE 2. Gamonts of Hepatozoon species inhabiting erythrocytes of the green frog, Rana clamitans. (A) Gamont of Hepatozoon catesbianae 
(arrow) from the GF2-WtL isolate, used for sequencing analysis, inside a green-frog erythrocyte. The host nucleus is displaced, but remains intact 
(asterisk). (B) Gamont of Hepatozoon clamatae (arrow) from the GF2-RdzL iso late, used for sequencing analysis, inside a green-frog erythrocyte. 
Note the dark-staining fragments of the host nucleus surrounding the gamont. Scale bar = 10 fLm. 
GF2-LLDR) were selected for molecular analysis. All samples were 
pure infections of I species of parasite except for GF2-AyS (~70% H. 
catesbianae and ~30% H. clamatae) and GF2-H7S2 (~63% H. cates-
bianae and ~37% H. clamatae). 
Specific primers were synthesized by Operon Biotechnologies, Inc. 
(Huntsville, Alabama) and designed from known Hepatozoon spp. 
ITS-l sequences (Smith et a!. , 1999). The forward primer, herpfor 
(5'-GCGGAAGGATCATTCACATT-3'), was located in the 18S rRNA 
sequence upstream from ITS-I and the reverse primer, herprev (5'-TC 
CTTCATCGATGCACAAAC-3') was located in the 5.8S rRNA se-
quence downstream from ITS-I. PCR reactions were done in 25-fLl 
volumes and comprised I unit of Taq DNA polymerase, 1.25 fLl of 10 
mM herpfor primer, I .25 fLI of 10 mM herprev primer, 2.0 jJ.I of 0.2 
mM dNTP solution, 1.5 fLl of 50 mM MgCI2, 2.5 jJ.1 of lOx PCR buffer 
solution, l3.3 fLl of ddH20, and 3.0 fLl of template DNA. Solutions were 
heated to 94 C for 3 min, then subjected to 44 amplification cycles (94 
C for I min, 56 C for 1 min, 72 C for 2 min) followed by a final 
extension at 72 C for 10 min. 
PCR products were electrophoresed in a 0.7% agarose gel and bands 
putatively containing ITS-I (~200 base pairs) were cut from the gel 
and extracted using a Qiagen MinElute® gel extraction kit. Extracted 
PCR products were sequenced at the University of Maine Sequencing 
Cffi~ . 
Sequences were edited using Sequence Navigator, version 1.0 (Ap-
plied Biosystems, Foster City, California) and aligned by eye using Se-
Al, version 2.0all (Rambaut, 1996). The ITS-l sequences from Nova 
Scotia isolates were aligned with those of 4 H. clamatae isolates (SM4, 
SM7, S34, G20) and 2 H. catesbianae isolates (GF8, B3E) from Ontario 
(Kim et aI., 1998) for comparison along with those of 2 isolates of 
Hepatozoon sipedon from Ontario (Smith et a!., 1999) for use as out-
groups (Fig. 3). The cytopathological chantcter of nuclear disruption of 
host erythrocytes was also included in the data matrix. Parsimony trees 
were then generated using PAUp, version 4 .0 (Swofford, 2001). 
RESULTS 
Prevalence of H. catesbianae and H. clamatae 
Gamonts of both H. catesbianae and H. clamatae were found 
in blood films from sampled frogs (Fig. 2; Table I). Gamonts 
of H. catesbianae were found infecting erythrocytes in 3 of 17 
(17.6%) bullfrogs and in 20 of 69 (29 .0%) green frogs. Gam-
onts of H. clamatae were found infecting erythrocytes in 1 of 
17 (5.9%) bullfrogs and in 52 of 69 (75.4%) green frogs . Of 
the 69 green frogs , 11 were found to be infected by gamonts 
of both species. Mixed infections were not observed in any 
bullfrogs. Infections with either species of Hepatozoon were 
more common among green frogs (88.4%) than among bull-
frogs (23.5%). Gamonts of Hepatozoon species were not found 
in the blood of any of the mink, wood, leopard, or pickerel 
frogs sampled. Infections of H. clamatae were much more com-
mon among green frogs than were infections of H. catesbianae 
(X2 = 6.3, P = 0.01). Infected bullfrogs were not numerous 
enough for statistical analysis, but the observation that of the 4 
infected frogs , 3 were infected with H. catesbianae and I with 
H. clamatae suggests that an H. catesbianae infection bias 
could be verified by more sampling. Analysis of the pattern of 
Hepatozoon spp. infections among all infected frogs found the 
bias to be statistically significant as well (Fisher exact test, P 
= 0.04). 
Geographically, both species of Hepatozoon were found sym-
patrically across Nova Scotia (Fig. 1). Both species of Hepa-
tozoon were found in the same geographical areas, in the same 
bodies of water, and, in some cases, in the same frog (Table I). 
Comparison of ITS-1 sequences among Hepatozoon 
isolates of Nova Scotia 
Aligned sequences were 230 base pairs in length following 
insertions to account for the longer ITS-l sequences of the out-
groups used for phylogenetic analysis (Fig. 3). Comparisons 
among the 8 sequences showed 6 nucleotide polymorph isms 
that provided useful characters for determining relationships 
among Hepatozoon species in infected frogs (Fig. 3). These 6 
nucleotide polymorphisms, accounting for a 4 .7% difference in 
the ITS-I sequence, were shared among isolates of the same 
species. 
Comparison of ITS-1 sequences among isolates of 
Hepatozoon species 
Analysis using PAUP version 4 .0 generated 2 most-parsi-
monious trees. A strict consensus of the 2 trees revealed 2 sister 
clades. One clade comprises all Nova Scotia H. clamatae and 
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61 
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TTAGTTTAA-ATTATTATTTTTGTACAACAAGTAGAAAACAACTTTATAAACTATAAAGTCACCAAAGAT 
TTAGTTTAA-ATTATTATTTTTGTACAACAAGTAGAAAACAACTTTATAAACTATAAAGTCACCAAAGAT 
TCAGTTTAATAAAGTTTTTTTTAATTAACATGTTGAAAACAACAATTTAAATATTAAAA-----------
TCAGTTTAATAAAGTTTTTTTTAATTAACATGTTGAAAACAACAATTTAAATATTAAAA-----------
TCAGTTTAATAAAGTTTTTTTTAATTAACATGTTGAAAACAACAATTTAAATATTAAAA-----------
TCAGTTTAATAAAGTTTTTTTTATTTAACATGTTGAAAACAACAATTTAAATATTAAAA-----------
TCAGTTTAATAAAGTTTTTTTTAATTAACATGTTGAAAACAACAATTTAAATATTAAAA-----------
TCAGTTTAATAAAGTTTTTTTTAATTAACATGTTGAAAACAACAATTTAAATATTAAAA-----------
TCAGTTTAATAAAGTTTTTTTTAATTAACATGTTGAAAACAACAATTTAAATATTAAAA-----------
TCAGTTTAATAAAGTTTTTTTTAATTAACATGTTGAAAACAACAATTTAAATATTAAAA-----------
TTAGTTTAATAAAGTTTTTTTTGATTAACATGTTGAAAACAACAATTTAAATATTAAAA-----------
TTAGTTTAATAAAGTTTTTTTTGATTAACATGTTGAAAACAACAATTTAAATATTAAAA-----------
TTAGTTTAATAAAGTTTTTTTTGATTAACATGTTGAAAACAACAATTTAAATATTAAAA-----------
TTAGTTTAATAAAGTTTTTTTTGATTAACATGTTGAAAACAACAATTTAAATATTAAAA-----------
TTAGTTTAATAAAGTTTTTTTTGATTAACATGTTGAAAACAACAATTTAAATATTAAAA-----------
TTAGTTTAATAAAGTTTTTTTTGATTAACATGTTGAAAACAACAATTTAAATATTAAAA-----------
*#*********!! !**!*****#!! !****!**!*********! !*!****1! 1****! .......... . 
91 
I 
101 
I 
111 
I 
121 
I 
131 
I 
141 
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151 
I 
HRlb TTTATAAACTTTCTGTTAGTATTTTTATTGTAAATAAATTAAGTGGTTTTTTTTTTAGGCGGTTTTTTTCAAAAAATATTTTTATTTGGT 
H.s. TTTATAAACTTTCTGTTAGTATTTTTATTGTAAATAAATTAAGGGGTTTTTTTTTTAGGCGGTTTTTTTCAATAAATATTTTTATTTGGT 
GF2-H7S2 -----------------------GTTT--------AAATCAAAAGTTTGTTTTTTT-----GTTTTGTTTAA-AAA-----------GGT 
GF2-AyS -----------------------GTTT--------AAATCAAAAGTTTGTTTTTTT-----GTTTTGTTTAA-AAA-----------GGT 
GF2-WtL -----------------------GTTT--------AAATCAAAAGTTTGTTTTTTT-----GTTTTGTTTAA-AAA-----------GGT 
GF8 -----------------------GTTT--------AAATCAAAAGTTTTTTTTTTT-----GTTTTGTTTAA-AAA-----------GGT 
B3E -----------------------GTTT--------AAATCAAAAGTTTTTTTTTTT-----GTTTTGTTTAA-AAA-----------GGT 
S34 -----------------------GTTT--------AAATCAAAAGTTTTTTTTTTT-----GTTTTGTTTAA-AAA-----------GGT 
SM4 -----------------------GTTT--------AAATCAAAAGTATTTTTTTTT-----GTTTTGTTTAA-AAA-----------GGT 
SM7 -----------------------GTTT--------AAATCAAAAGTATTTTTTTTT-----GTTTTGTTTAA-AAA-----------GGT 
G20 -----------------------TTTA--------AAATCAAAAGTTTTTTTTTTT-----GTTTTGTTTAA-AAA-----------GGT 
GF1-HMSR -----------------------TTTA--------AAATCAAAAGTTTGTTTTTTT-----GTTTTGTTTAA-AAA-----------GGT 
GF2-HMSR -----------------------TTTA--------AAATCAAAAGTTTGTTTTTTT-----GTTTTGTTTAA-AAA-----------GGT 
GF2-LLDR -----------------------TTTA--------AAATCAAAAGTTTGTTTTTTT-----GTTTTGTTTAA-AAA-----------GGT 
GF1-SdLl -----------------------TTTA--------AAATCAAAAGTTTGTTTTTTT-----GTTTTGTTTAA-AAA-----------GGT 
GF2-RdzL -----------------------TTTA--------AAATCAAAAGTTTGTTTTTTT-----GTTTTGTTTAA-AAA-----------GGT 
....................... #**# ........ ****! **! ! *! ! *! ******* ..... *****! **! **. *** ........... *** 
HRlb 
H.s. 
GF2-H7S2 
GF2-AyS 
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I 
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TTTGAAA-ATT-------ATTATTAC-------------------------AAGTA---------TATAA 
TTTGAAA-ATT-------ATTATTAC-------------------------AAGTA-~-------TATAA 
TTTGAAA-ATT-------ATTATTAC-------------------------AAGTA---------TATAA 
TTTGAAA-ATT-------TTTATTAC---------~---------------AAGTA---------TATAA 
cyto 
I 
o 
o 
o 
o 
o 
o 
B3E TTTGAAA-ATT-------TTTATTAC-------------------------AAGTA---------TATAA 0 
S34 TTTGAAA-ATT-------TTTATTAC-------------------------AAGTA---------TATAA 0 
SM4 TTTGAAA-ATT-------TTTATTAC-------------------------AAGTA---------TATAA 0 
SM7 TTTGAAA-ATT-------TTTATTAC-------------------------AAGTA---------TATAA 0 
G20 TTTGAAA-ATT-------TTTATTAC-------------------------AAGTA---------TATAA 1 
GF1-HMSR 
GF2-HMSR 
GF2-LLDR 
GF1-SdLl 
GF2-RdzL 
TTTCAAA-ATT-------TTTATTAC-------------------------AAGTA---------TATAA 
TTTCAAA-ATT-------TTTATTAC-------------------------AAGTA---------TATAA 
TTTCAAA-ATT-------TTTATTAC------------------:.------AAGTA---------TATAA 
TTTCAAA-ATT-------~TTATTAC-------------------------AAGTA---------TATAA 
TTTCAAA-ATT-------TTTATTAC-------------------------AAGTA---------TATAA 
***#***. *** ....... #******! ......................... **! ** ......... **! ** 
1 
1 
1 
1 
1 
# 
Genbank 
DQ856591 
DQ856590 
DQ856589 
DQ856584 
DQ856585 
DQ856586 
DQ856587 
DQ856588 
FIGURE 3. Alignments of ITS-I sequences of Hepatozoon species. The ITS-l sequences of the out-group species, Hepatozoon sipedon, are 
considerably longer than those of Hepatozoon catesbianae and Hepatozoon clamatae, and therefore gaps are present. The 6 variable sites, located 
at sites 2, 23, 94, 97, 164, and 179, that were found to be informative for distinguishing between H. catesbianae and H. clamatae are denoted at 
the base of the alignments by '#', whereas other polymorphisms are denoted by '!'. Sites that are invariant among all sequences are indicated by 
'*', and indels between snake isolates and frog isolates are denoted by'·'. The morphological character of nuclear disruption of host erythrocytes, 
indicated as 'cyto' in the figure, is also included, as it is used in the phylogenetic analysis (Fig. 4). In this case, '0' represents a lack of 
cytopathology, whereas' I' indicates that cytopathology is present. GenBank accession numbers for novel ITS-I sequences of Nova Scotia isolates 
are listed. 
BOULIANNE ET AL.-PHYLOGENY OF HEPATOZOON SPP. OF RANID FROGS 1439 
GF2-H752 (H. catesbianae) 
GF2-Ay5 (H. catesbianae) N5 
GF2-WtL (H. catesbianae) 
B3E (H. catesbianae) 
534 (H. clamatae) 
GF8 (H. catesbianae) 
ON 
5M7 (H. clamatae) 
5M4 (H. clamatae) 
G20 (H. clamatae) 
GF1-HM5R (H. clamatae) 
GF2-HM5R (H. clamatae) 
GF2-LLDR (H. clamatae) N5 
GF1-5dL1 (H. clamatae) 
GF2-RdzL (H. clamatae) 
H.s. (H.. sipedon) 
HR1 b (H. sipedon) 
FIGURE 4. Phylogenetic relationships of isolates of Hepatozoon species from Nova Scotia and Ontario. This tree represents the consensus of 
the 2 most parsimonious trees generated using comparison of ITS-1 sequences and cytopathological features. The out-group species is Hepatozoon 
sipedon, a closely related species infecting mosquitoes, frogs, and snakes. Brackets indicate the province from which the isolate was taken. Ontario 
isolates were sampled by Kim et al. (1998). Bootstrap values, shown next to corresponding clades, were generated from the following options in 
PAUP version 4.0 (Swofford, 2001): search-full heuristic, branch swap--on all multiple starting trees, addition sequence-simple, and character 
resampling-all. 
. ' 
1 of the Ontario H. clamatae isolates. The second clade com-
prises the Nova Scotia H. catesbianae isolates and the remain-
der of the Ontario Hepatozoon spp. isolates (Fig. 4). Within the 
H. clamatae clade, the Nova Scotia isolates form a monophy-
letic group separate from the Ontario isolate. Within the second 
clade, the Nova Scotia H. catesbianae isolates form a mono-
phyletic group apart from the other isolates, which include both 
H. catesbianae and H. clamatae isolates from Ontario. 
DISCUSSION 
The ranges of H. catesbianae and H. clamatae were extended 
from Ontario and New York to include all of mainland Nova 
Scotia (Fig. 1). Both of these species were found sympatrically 
across the province. High prevalences were found, with 58.2% 
of all frogs sampled found to be infected with H. clamatae and 
25.3% with H. catesbianae. Furthermore, 12.1% of all frogs 
sampled contained mixed infections of both parasites. Data 
from ITS-l sequences of Hepatozoon isolates provided evi-
dence that supports the elevation of these 2 parasites to distinct 
species. 
The presence of Hepatozoon species in 71.4% of all frogs 
sampled indicates that these 2 species are parasites of signifi-
cance among mosquitoes, green frogs, and bullfrogs of Nova 
Scotia. Although the single leopard frog and mink frog sampled 
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were not found to be infected by either Hepatozoon species, 
previous observations of H. clamatae gamonts inhabiting leop-
ard frogs (Kim et aI., 1998) and Hepatozoon species infecting 
mink frogs (Barta and Desser, 1984) in Ontario suggest that 
species of this genus are possibly present in these frogs in Nova 
Scotia. 
Patterns of Hepatozoon spp. infections among bullfrogs and 
green frogs in Nova Scotia are consistent with the host affinity 
observations made by Kim et ai. (1998), who noted that H. 
clamatae had a greater affinity for green frogs than for bull-
frogs, with the reverse being observed for H. catesbianae. Al-
though not enough infected bullfrogs were sampled to allow for 
statistical analysis, the proportion of H. catesbianae infections 
among the infected bullfrogs that were sampled suggests that a 
bias for H. catesbianae infections may be present among bull-
frogs. 
Comparison of ITS-I sequences among the Nova Scotia iso-
lates provides the strongest evidence to date that H. catesbianae 
and H. clamatae are 2 distinct species. Among these sequences, 
6 variable sites were found at which all H. catesbianae se-
quences shared the same nucleotides, accounting for a 4.7% 
difference from the H. clamatae sequence and uniting them as 
a monophyletic group (Fig. 4). The isolates of H. clamatae were 
united as a monophyletic group by the trait of nuclear disrup-
tion of host erythrocytes, a trait not present in the out-group 
(Smith, 1996). 
Different phylogenetic relationships were initially found 
when ITS-l sequences of Nova Scotia were compared to On-
tario isolates using phylogenetic analysis. The consensus of the 
2 most-parsimonious trees (Fig. 4) at first appears to produce a 
paraphyletic group containing aU of the H. catesbianae isolates 
from both regions along with 3 of the H. clamatae isolates from 
Ontario. However, closer inspection of the aligned sequences 
(Fig. 3) shows that 5 of the Ontario isolates (GF8, B3E, S34, 
SM4, SM7), 3 of which are described as isolates H. clamatae 
(SM4, SM7, S34), share the same nucleotide as the Nova Scotia 
H. catesbianae isolates at 5 of the variable sites described above 
(positions 2, 23, 94, 97, and 164). This accounts for the group-
ing of the 3 Ontario H. clamatae isolates (SM4, SM7, S34) in 
the same clade as the Ontario and Nova Scotia H. catesbianae 
isolates. The sixth Ontario isolate (G20) shares the same nucle-
otide at 5 of these sites as the H. clamatae isolates from Nova 
Scotia (positions 2, 23, 94, 97, and 179). Our evidence suggests 
that 3 of the ITS-l sequences ascribed to H. clamatae by Kim 
et ai. (1998) (SM4, SM7, S34) are in fact ITS-l sequences of 
H. catesbianae. The sequence from the G20 isolate in the study 
by Kim et ai. (1998) was, therefore, the only ITS-l sequence 
from H. clamatae used for comparison in that study. Because 
only 1 H. clamatae ITS-l sequence was unknowingly being 
compared to that of 5 H. catesbianae sequences, the variation 
at the sites that we have found to be informative appeared to 
Kim et ai. (1998) to be autapomorphies. This explains why Kim 
et al. (1998) were unable to find useful characters in the 
ITS-l sequences to distinguish between the 2 species. If we 
reassign these 3 sequences to H. catesbianae, the tree is then 
shown to contain a monophyletic group for each species, with 
the H. clamatae clade additionally supported by the character 
of nuclear disruption of host erythrocytes. The isolates SM4 
and SM7, now indicated as H. catesbianae, are united as a 
group apart from the other Ontario H. catesbianae isolates with-
in their clade on the basis of a single nucleotide polymorphism. 
Both of these isolates were collected from the same body of 
water, and may have inherited a single mutation that arose re-
cently in that specific location. 
A likely scenario to explain the mischaracterization by Kim 
et ai. (1998) is that the samples that were identified as H. cla-
matae infections and subsequently used for molecular analysis 
also contained gamonts of H. catesbianae. If the primers used 
for PCR amplification by Kim et ai. (1998) had a greater affinity 
for the primer binding site (or sites) in H. catesbianae sequenc-
es than in H. clamatae sequences, then H. catesbianae ITS-l 
would be preferentially amplified. The result would be the se-
quencing and erroneous characterization of H. catesbianae 
ITS-l as being H. clamatae ITS-I. This is a plausible scenario, 
as primer-binding affinity has been shown experimentally to 
result in a bias of PCR product from heterogeneous solutions 
of template DNA (Polz and Cavanaugh, 1998). This hypothesis 
is supported by the sequencing results from 2 Nova Scotia H. 
catesbianae isolates (GF2-AyS and GF2-H7S2). These se-
quences contained significant numbers of H. clamatae gamonts, 
accounting for ~30% and ~37% of the gamonts in GF2-AyS 
and GF2-H7S2, respectively. Despite the high numbers of H. 
clamatae in each of these samples, sequencing produced 
ITS-l sequences that were unambiguously those of H. cates-
bianae as seen in the resulting electropherograms. 
The present study also shows that cytopathology is in fact a 
useful character for distinguishing between gamonts of H. ca-
tesbianae and H. clamatae. Grouping of the isolates using the 
trait of nuclear disruption of host erythrocytes produces the 
same 2 groups as does analysis of the molecular characters. 
This indicates that nuclear disruption is a likely a trait caused 
by the parasites themselves rather than a phenotypic trait of the 
hosts, which had been suspected, and is applicable for phylo-
genetic analysis. 
The evidence presented also shows that ITS-I sequences are 
useful for providing characters to distinguish among closely 
related and morphologically similar Hepatozoon spp. This is not 
the first case where rRNA gene sequences have shown organ-
isms that are highly similar in life history and morphological 
terms to be distinct groups of organisms (Barta, 2001). Use of 
18S rRNA sequences to infer phylogenetic relationships among 
the Apicomplexa revealed that species of Isospora, grouped to-
gether based on morphological and life history similarities, con-
tained 2 groups of species that in fact belong to different fam-
ilies (Barta, 2001). Analyses of rRNA sequences, including 
ITS-I, are, therefore, important for determining relationships of 
highlY similar parasites. 
Internal transcribed spacers of rRNA genes are present in 
multiple copies in many apicomplexans and may in fact be 
evolving independently (Barta, 1997; Rooney, 2004). Thus, 
there is the possibility that ITS-l sequences of different isolates 
of Hepatozoon spp. in this study are not homologous, but in-
stead represent 2 orthologous genes descended from a common 
ancestor. However, the strong correlation of the cytopathologi-
cal features with the different ITS-l sequences observed in iso-
lates of H. catesbianae and H. clamatae does not support the 
latter scenario. Nonetheless, sequencing and analyzing an ad-
ditional gene such as single-copy nuclear gene or a mitochon-
drial gene would strengthen this analysis and future studies on 
haemogregarine systematics. 
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Further work needs to be done to elucidate the relationships 
between Hepatozoon species, especially those of anurans. Of 
the 42 currently described species of Hepatozoon infecting an-
urans, H. catesbianae and H. clamatae are the only 2 species 
for which life cycles have been fully described (Desser et aI., 
1995; Kim et aI., 1998). Life cycle studies are highly infor-
mative for inferring relationships among Hepatozoon species as 
well as haemogregarines in general, but can fail to distinguish 
between species so similar in morphology and life history as 
H. catesbianae and H. clamatae. The current study shows that 
ITS-1 sequences provide informative characters for supporting 
morphological and life history traits in establishing phyloge-
netic relationships among haemogregarines. 
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HEMOFLAGELLATES OF OREGON MARINE FISHES WITH THE DESCRIPTION OF NEW 
SPECIES OF TRYPANOSOMA AND TRYPANOPLASMA 
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ABSTRACT: Of 2,122 marine fishes representing 36 species collected in the northeastern Pacific Ocean in the vicinity of Newport, 
Oregon from 1971 to 1973,541 individuals (25.5%) representing 8 species (22.2%) were infected with hemoflagellates. Four 
morphologically distinct trypanosomes and 3 distinct trypanoplasms were found in fishes collected offshore, but no hemoflagel-
lates were observed in fishes from Yaquina Bay estuary. Trypanosoma pacifica was found in English sole Parophrys vetulus, 
Pacific sanddab Citharichthys sordidus, and slender sole Lyopsetta exilis, and survived in 5 other species after intraperitoneal 
injection. Trypanosoma gargantua was found in big skate Raja binoculata, and the leech Orientobdella confiuens was able to 
transmit the trypanosome in experimental conditions. Trypanosoma khani n. sp. occurred in P. vetulus, petrale sole Eopsetta 
jordani, and Dover sole Microstomus pacificus. Trypanosoma murmanense was found in L. exilis collected from 200 m, but not 
in L. exilis collected from 80 m. Trypanoplasma beckeri parasitized the cabezon Scorpaenichthys marmoratus. Trypanoplasma 
hobolsoni n. sp. was found in E. jordani, L. exilis, and P. vetulus, and survived in 2 other species after intraperitoneal injection. 
A distinct, but unnamed trypanoplasm, was found in P. vetulus. 
Unlike the north and south Atlantic Ocean and the south 
Pacific Ocean, where numerous species of hemoflagellates have 
been reported (Laird, 1951, 1958; Mackerras and Mackerras, 
1961; Lorn, 1979; Burreson, 1989; Lorn and Dykova, 1992; 
Karlsbakk and Nylund, 2006), the hemoflagellate fauna of the 
north Pacific Ocean is poorly known, Only 1 trypanosome, Try-
panosoma pacifica Burreson and Pratt, and only 1 trypano-
plasm, TrypanopZasma beckeri Burreson, are known from the 
north Pacific (Burreson and Pratt, 1972; Burreson, 1979). Laird 
(1961) examined 10 padded sculpins Artedius Jenestralis Jordan 
and Gilbert, off Vancouver Island, British Columbia, Canada, 
and found a hemogregarine, but no flagellates. Sloan et al. 
(1984) reported, but did not describe or name, a trypanoplasm 
in yellowfin sole Limanda aspera (Pallas) from British Colum-
bia, Canada. A study of hematozoa in 507 fishes from Hum-
boldt Bay estuary in California reported 2 new species of he-
mogregarines, but no flagellates (Hill and Hendrickson, 1991). 
The present paper reports on hemoflagellates found in a large 
collection of marine fishes, mainly flatfishes, from Oregon 
coastal waters, and includes experimental studies on life cycles 
and host specificity. 
MATERIALS AND METHODS 
Host and blood collection and examination 
Marine fishes were collected monthly from January 1971 through 
August 1973 between 5 and 10 km off Newport, Oregon. Three bottom 
trawls were made each month, 1 each at 40, 60, and 80 m. Additional 
samples were collected periodically during this period in Yaquina Bay, 
Oregon, a small, shallow estuary. Occasional sampling occurred farther 
offshore at 200-m depth. Fishes were coll~<;:ted with a 4.9-m semibal-
loon otter trawl, transported live to the Oregon State University Hatfield 
Marine Science Center, and held alive in tanks of circulating seawater. 
Most fishes were examined within 5 days of capture. All fishes were 
examined for leeches, which were removed and held alive in beakers 
of seawater at 10 C. Fresh fish blood was taken from the caudal vessels 
with a 2.5-ml syringe and 25-gauge needle, added to a drop of 0.65% 
NaCI solution on a glass slide, and covered with a 22-mm2 disposable 
cover glass. Observation was made at XI 00 with a compound micro-
scope; hemoflagellates were easily detected in fresh blood preparations 
by their rapid movement. The entire area under the cover glass was 
examined in fresh preparations. When an infected host was found, ad-
ditional blood was withdrawn as previously mentioned, streaked on a 
Received 12 February 2007; revised 7 May 2007; accepted II May 
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glass slide, air dried, fixed for 5 min in absolute methanol, and stained 
for 3 hr with Giemsa stain. Prevalence is based on observation of fresh 
preparations. Blood smears for all species reported here are deposited 
in the U. S. National Parasite Collection (USNPC), Beltsville, Mary-
land. Deposited blood smears were restained in 2007 with Harleco He-
macolor® Stain Set (EM Science, Gibbstown, New Jersey) and a cover 
glass applied. 
Figures and measurements 
Figures were prepared by the grid-coordinate method with a I-mm 
ocular reticule and corresponding grid paper. The following measure-
ments were made by the thread-overlay method of Minchin (1909) and 
are given in micrometers: body length (BL) measured along body cen-
terline, free flagellum on trypanosomes and anterior flagellum on try-
panoplasms (FLA), free portion of posterior flagellum on trypanoplasms 
(FLP), distance from nucleus center to anterior end of body (AN), dis-
tance from nucleus center to posterior end of body (PN), distance from 
kinetoplast center to posterior end of body (PK), and distance from 
kinetoplast center to nucleus center (KN). Kinetoplast diameter (K), 
kinetoplast length (KL) and width (KW), nucleus length (NL) and width 
(NW), and body width (BW) were measured with a calibrated ocular 
micrometer. The following indexes were calculated: kinetoplast index 
(KI = PN/KN) and nuclear index (NI = PN/AN). Flagellates from at 
least 3 different host individuals were measured for each species. Where 
more than I host was infected by a species, measurements include in-
dividuals from all host species. 
Host specificity studies 
Fishes to be utilized in host specificity studies were isolated in a 
separate tank and checked as described above to be certain they were 
not infected with hemoflagellates. After 7 days, each fish was checked 
again and those still negative (termed putatively uninfected) were 
tagged with a numbered Peterson disc tag. In each experiment, an in-
dividual of the same species as the donor fish was injected i.p. with 0.1 
ml of 2.0% sodium citrate in 0.65% NaCI solution (negative control), 
and a second individual of that species was injected i.p. with 0.1 ml of 
infected blood in 2.0% sodium citrate in 0.65% NaCI solution (positive 
control). In addition, a number of other species was injected i.p. with 
0.1 ml of infected blood in citrated NaCI solution. Fish of similar 
lengths were used in each experiment whenever possible. The course 
of infection in each fish was followed by examining fresh blood prep-
arations every 24 hr for the first 3 days, every 48 hr for the next 7 days, 
and weekly thereafter until the experiment was terminated. Because host 
specificity studies were initiated over a 3-mo period, fish with varying 
intensities of infection were used as donors. Therefore, quantitative 
comparisons could not be made between donor and experimental hosts; 
however, because an individual of the same species as the donor fish 
(positive control) was always involved when an experimental group was 
injected, qualitative comparisons were possible. 
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Life-cycle studies 
Leeches removed from hosts infected with hemoflagellates were ex-
amined for developmental stages in the crop by cutting off the posterior 
sucker, squeezing the crop contents onto a clean glass slide, covering 
with a cover glass, and examining at X 100 with a compound micro-
scope. 
Whenever possible, leeches hatched from cocoons in the laboratory 
were utilized in experimental life-cycle studies and were, therefore, 
known to be uninfected with hemoflagellates. If mature leeches did not 
deposit cocoons in the laboratory, it was often possible to detect the 
presence or absence of hemoflagellates in the proboscis sheath by flat-
tening leeches briefly on a glass slide with a cover glass and examining 
them with a compound microscope at Xl 00. Starved, uninfected leeches 
were placed on infected fish isolated in a small aquarium at 10 C and 
allowed to feed for 6 to 8 hr. Leeches were then removed from the fish 
and placed in a beaker of seawater at 10 C. Leeches were examined at 
intervals, depending on the total number available, for developing fla-
gellates as above. When developing hemoflagellate stages were found, 
additional leeches were examined and stained preparations made as de-
scribed above. When hemoflagellate stages were observed in the pro-
boscis sheath the remaining leeches were placed on a fish in which no 
flagellates were observed in 2 fresh blood preparations taken 7 days 
apart (= putatively uninfected). Fish were isolated in a small aquarium, 
and leeches allowed to feed. Blood from the exposed fish was examined 
as above every 24 hr for 3 wk or until flagellates were found. 
Statistical analyses 
Chi-square analysis with JMp® software version 5 (SAS Institute, 
Inc., Thomson Brooks/Cole, Belmont, California) was used to test if 
multiple infections were more common, or less common, than expected. 
RESULTS 
Of 2,122 fishes belonging to 36 species examined, 541 in-
dividuals (25.5%) belonging to 8 species (22.2%) were infected 
with hemoflagellates (Table I). Four morphologically distinct 
trypanosomes (Table II) and 3 morphologically distinct trypan-
oplasms (Table III) were encountered in 1,847 offshore fishes 
examined, but none of the 275 fishes examined from Yaquina 
Bay estuary was infected with hemoflagellates. 
DESCRIPTIONS 
Trypanosoma pacifica Burreson and Pratt, 1972 
(Fig. 1) 
Taxonomic summary 
Type host: English sole Parophrys vetulus Girard. 
Prevalence: 16.1%. 
Type locality: Pacific Ocean, 5-10 km off Newport, Oregon. 
Other hosts: Pacific sanddab Citharichthys sordidus (Girard) (3.6%); 
slender sole Lyopsetta exilis (Jordan & Gilbert) (2.9%); both from the 
type locality. 
Material deposited: Syntype slide from P. vetulus (USNPC 72265); 
mixed infection with T. bobolsoni in L. eXilis (USNPC 99667). 
Host specificity 
When uninfected P. vetulus (n = 10) were injected with T. pacifica-
infected blood from P. vetulus, trypanosomes were usually found in the 
peripheral blood within 24 hr. They rapidly increased in intensity, reach-
ing a mean maximum intensity of 4,000 flagellates/,Ll (range 1,000-
14,OOO/j.LI) after about 3 wk. This level was maintained for up to 6 mo 
before numbers declined. Three different patterns were observed after 
injection of T. pacifica-infected blood from P. vetulus into experimental 
hosts. In Pacific sanddab C. sordidus (n = 1), Dover sole M. pacificus 
(n = 4), rock sole Lepidopsetta bilineata (n = 2), and buffalo sculpin 
E. bison (n = 1), the course of infection was similar to that in P. vetulus. 
In rex sole Glyptocephalus zachirus (n = 3) and starry flounder P. 
stellatus (n = 2), the pattern was similar, but intensity of infection was 
always lower «400/j.Ll). In butter sole [sopsetta isolepis (n = 3), petrale 
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sole E. jordani (n = 8), Pacific sand sole Psettichthys melanostictus (n 
= 4), speckled sanddab C. stigmaeus (n = 1) and staghorn sculpin 
Leptocottus armatus (n = 2), trypanosomes were observed in peripheral 
blood after injection, but intensity was very low and none could not be 
detected in the peripheral blood after 3 or 4 days. 
Life-cycle studies 
Two leeches are known to occur on P. vetulus. Oceanobdella pallida 
Burreson occurs in the mouth in 23.4% of P. vetulus collected in 
Oregon, with intensity ranging from 1 to 6 leeches per fish (Burreson, 
1977). Calliobdella knightjonesi Burreson is much less common, with 
only 14 individuals collected during the period of this study; it occurs 
on the fins (Burreson, 1984). 
The crops of 83 O. pallida, all removed from fish infected with T. 
pacifica, were examined for developing stages of this flagellate. Only 
6 leeches were infected, and in 4 of them the fresh crop preparation 
revealed only a small number of trypanosomes. Two leeches were more 
heavily infected and stained preparations were made of crop contents. 
The trypanosomes in the leech crop were extremely motile and between 
20 and 25 j.Lm in length. They appeared as typical epimastigote stages 
in stained preparations. 
A total of 62 O. pallida were removed from P. vetulus collected 
offshore and in which no hemoflagellates were observed in fresh blood 
preparations. After collection, these leeches were placed in small aquar-
ia with a P. vetulus containing a very heavy infection of T. pacifica. 
Unfortunately, O. pallida did not survive well in experimental condi-
tions; none attached to fish, and all eventually died without feeding. 
Of the 14 C. knightjonesi collected, none was from a P. vetulus in-
fected with T. pacifica. Four individual leeches were placed in a small 
dish with an English sole heavily infected with T. pacifica. Two leeches 
fed and, 8 days later, 1 was examined for flagellates in the crop. A small 
number of epimastigote stages were observed. The remaining leech that 
had fed on the infected host was placed on an uninfected P. vetulus, 
but it died before feeding again. 
Malmiana diminuta Burreson, a leech commonly found at the time 
on rockfishes in the Hatfield Marine Science Center public aquarium, 
was also tested as a possible vector. Twenty uninfected leeches were 
placed on a P. vetulus heavily infected with T. pacifica; all quickly 
attached and most fed. After 6 hr, all leeches that had fed were removed 
and 2 leeches were examined daily for developmental stages of T. pa-
cifica. Trypanosomes were observed in these leeches for the first 4 days, 
but their movements were very slow and halting. On the third and fourth 
days many were seen that resembled epimastigotes, but they were either 
immobile or moving very slowly. No trypanosomes were observed in 
leeches after the fourth day. 
Newly hatched individuals of the leech Orientobdella confluens Bur-
reson were also allowed to feed on P. vetulus heavily infected with T. 
pacifica. Slow-moving trypanosomes were present in the crop for the 
first 4 or 5 days, but none was seen after that time. 
Remarks 
Trypanosoma pacifica was adequately described by Burreson and 
Pratt (1972). Burreson and Karlsbakk (2007) described the division pro-
cess of T. pacifica in peripheral blood of P. vetulus. Trypanosomes 
found in C. sordidus and L. exilis were well within the variation ob-
served for T. pacifica and were much smaller than other trypanosomes 
observed during this study; thus, they were i.dentified as T. pacifica. 
Monthly prevalence of T. pacifica in P. vetulus over the collection pe-
riod varied from 5.9% to 30.0% (n = 40/mo), but no seasonal pattern 
was observed. English sole use estuaries such as Yaquina Bay as ex-
clusive nursery areas and migrate offshore at an average length of 115 
mm (Olson and Pratt, 1973). No P. vetulus from Yaquina Bay was 
infected with T. pacifica and no P. vetulus less than 135 mm in total 
length was infected offshore, suggesting that P. vetulus acquires T. pa-
cifica after fish migrate from the estuary to the nearshore region. 
Trypanosoma pacifica was shown to survive experimentally in hosts 
never found infected in nature, suggesting that host distribution is con-
trolled by the specificity of the leech vector, not of T. pacifica. Life-
cycle studies were inconclusive. Oceanobdella pallida seems unlikely 
to be the vector for T. pacifica based on the fact that only 6 of 83 
specimens removed from infected hosts had flagellates in the crop and 
the fact that leeches rarely reattached to a host after removal. The latter 
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TABLE I. Fishes examined for hemoflagellates. Common and scientific names follow those recommended by Froese and Pauly (2006). 
Scientific name 
Chondrichthyes 
Squalidae (dogfish sharks) 
Squalus acanthias Linnaeus 
Rajidae (skates) 
Raja binoculata Girard 
Raja rhina Jordan & Gilbert 
Chimaeridae (shortnose chimaeras) 
Hydrolagus colliei (Lay & Bennett) 
Osteichthyes 
Salmonidae (trouts) 
Oncorhynchus kisutch (Walbaum) 
Gasterosteidae (sticklebacks) 
Aulorhynchus jlavidus Gill 
Syngnathidae (pipefishes and seahorses) 
Syngnathus leptorhynchus Girard 
Embiotocidae (surfperches) 
Embiotoca lateralis Agassiz 
Amphistichus rhodoterus (Agassiz) 
Stichaeidae (pricklebacks) 
Lumpenus sagitta Wilimovsky 
Pholidae (gunnels) 
Pholis ornata (Girard) 
Anarrhichadidae (wolffishes) 
Anarrhichthys ocellatus Ayres 
Sebastidae (rockfishes) 
Sebastes jlavidus (Ayres) 
Sebastes melanops Girard 
Sebastes ruberrimus (Cramer) 
Hexagrammidae (greenlings) 
Hexagrammos lagocephalus (Pallas) 
Ophiodon elongatus Girard 
Cottidae (sculpins) 
Enophrys bison (Girard) 
Leptocottus armatus Girard 
Scorpaenichthys marmoratus (Ayres) 
Agonidae (poachers) 
Ocella verrucosa (Lockington) 
Paralichthyidae (large-tooth flounders) 
Citharichthys sordidus (Girard) 
Citharichthys stigmaeus Jordan & Gilbert 
Pleuronectidae (righteye flounders) 
Atheresthes stomias (Jordan & Gilbert) 
Eopsetta jordani (Lockington) 
Glyptocephalus zachirus Lockington 
/sopsetta isolepis (Lockington) 
Lepidopsetta bilineata (Ayres) 
. , 
Lyopsetta exilis (Jordan & Gilbert) 
Microstomus pacificus (Lockington) 
Parophrys vetulus Girard 
Platichthys stellatus (Pallas) 
Pleuronichthys coenosus Girard 
Pleuronichthys decurrens Jordan & Gilbert 
Psettichthys melanostictus Girard 
Totals 
Common name 
Spiny dogfish 
Big skate 
Longnose skate 
Spotted ratfish 
Coho salmon 
Tube-snout 
Bay pipefish 
Striped seaperch 
Redtail surfperch 
Snake prickleback 
Saddleback gunnel 
Wolf-eel 
Yellowtail rockfish 
Black rockfish 
Yelloweye rockfish 
Rock greenling 
Lingcod 
Buffalo sculpin 
Staghom sculpin 
Cabezon 
Warty poacher 
PaGific sanddab 
Speckled sanddab 
Arrowtooth flounder 
Petrale sole 
Rex sole 
Butter sole 
Rock sole 
Slender sole 
Dover sole 
English sole 
Starry flounder 
C-O sole 
Curlfin sole 
Pacific sand sole 
No. examined/positive 
2/0 
7/3 
110 
2/0 
2/0 
4/0 
6/0 
2/0 
2/0 
10/0 
2/0 
1/0 
2/0 
5/0 
3/0 
7/0 
3/0 
53/0 
52/0 
111 
5/0 
110 
84/3 
20/0 
5/0 
303/130 
4711 
74/0 
35/0 
10/10 
25/4 
6116 
1,102/383 
91/0 
32/0 
4/0 
11/0 
12/0 
2,122/541 
Location* 
o 
o 
o 
o 
o 
Y 
Y 
o 
o 
Y 
Y 
o 
o 
o 
o 
o 
o 
Y 
Y 
o 
Y 
o 
o 
Y 
o 
o 
o 
o 
o 
o 
D 
o 
o 
Y 
Y 
o 
o 
o 
* D, 15 km offshore of Newport, Oregon in depth of 200 m; 0, 5-10 km offshore of Newport, Oregon in depths of 40-80 m; Y, within Yaquina Bay estuary, Oregon. 
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TABLE II. Trypanosomes found in Oregon marine fishes separated by host. 
Trypanosoma 
Fish No. examined pacifica 
Raja binoculata 7 0 
Citharichthys sordidus 84 3 
Eopsetta jordani 303 0 
Glyptocephalus zachirus 47 0 
Lyopsetta exilis 35 1 
Microstomus pacificus 61 0 
Parophrys vetulus 1,102 177 
may be a laboratory artifact, but O. pallida, when compared with all 
other species of leeches observed during this study, did not survive well 
off the host and may be a permanent parasite of P. vetulus. Two of the 
other leeches utilized in experimental studies, O. confluens and M. dim-
inuta, acquired flagellates, but they could not be detected after 5 days 
in the leech. Neither leech seems to be a suitable vector for T. pacifica 
on that basis. The best candidate vector of T. pacifica, of the leeches 
found during this study, is C. knightjonesi, although its vector role has 
not been confirmed with certainty. It readily reattached and fed on in-
fected fish, and developmental stages of a flagellate were observed in 
its crop. Although flagellates remained at low levels in C. knightjonesi, 
it is known that T. pacifica proliferates in the fish host (Burreson and 
Karlsbakk, 2007), so rapid proliferation in the leech vector may not be 
necessary. On the other hand, C. knightjonesi was only rarely collected 
during this study. If this is not an artifact of leeches dislodging from 
hosts during trawling operations, and represents its true abundance, C. 
knightjonesi may not be able to account for the relatively high preva-
lence of T. pacifica in P. vetulus. It is possible that another, as yet 
unknown, leech is the vector of T. pacifica. 
Trypanosoma gargantua Laird, 1951 
(Figs. 2, 3) 
Description of Oregon specimens: Active spinning movements in 
fresh preparations, usually curled tightly into a ball; no directional 
movement observed. No free flagellum observed. Body shape variable 
in fixed blood smears, usually in shape of tight spiral with sharply 
attenuated anterior end at center (Fig. 1). Cytoplasm deep blue with 
Giemsa except posterior to kinetoplast, where it was lightly stained and 
appeared very granular. Vacuoles absent. Longitudinal striae present, 
number varied from 6 to 17. Nucleus stained light blue with large darkly 
staining karyosome. BL 79.6 (71.0-94.0) (n = 10), BW 11.2 (7.0-
14.0), NL 7.3 (6.0-8.0), NW 5.5 (5.0-6.0), AN 39.0 (31.0-50.0), PN 
40.6 (40.0-44.0), KN 24.8 (19.5-31.0), PK 15.8 (9.0-23.0), Ki 1.64, 
NI1.04. 
Taxonomic summary 
Type host: New Zealand rough skate Dipturus nasutus (Miiller & 
Henle). 
Type locality: Cook Strait, New Zealand. 
Other hosts and localities: Big skate R,.aja binoculata Girard; Pacific 
Ocean, 5-10 km off Newport, Oregon (this study), prevalence 42.9%. 
Leech vector in Oregon: Orientobdella confluens Burreson 
Material deposited: USNPC 99669, 2 blood smears from same R. 
binoculata. 
Trypanosoma Trypanosoma Trypanosoma 
gargantua khani murmanense 
3 0 0 
0 0 0 
0 24 0 
0 1 0 
0 0 4 
0 6 0 
0 21 0 
Life-cycle studies 
In October 1973, 14 specimens of the leech O. confluens were col-
lected in fish trawls; none was attached to a host. All specimens were 
full of blood, and over a 7 -day period, 4 were killed and their crop 
contents examined for hemoflagellates in fresh preparations. In all 4 
cases, the fresh preparation revealed a large number of 2 types of try-
panosomes. The first, and most abundant, was a small, tadpole-shaped 
epimastigote form that ranged from 14 to 22 /.Lm long (Fig. 3A). These 
were very active, and many dividing individuals were observed. The 
other form was very long and narrow and also very active. Individuals 
ranged from 40 to 60 /.Lm long, but only about 1-2 /.Lm wide (Fig. 3B). 
No free flagellum was observed in either form. Permanent smears were 
difficult to make from the thick mass of blood in the leech crop, but 
some smears were adequate even though the cytoplasm of the flagellates 
did not stain well with Giemsa. Lengths of fixed and stained flagellates 
were similar to live forms and no free flagellum was observed. The 
kinetoplast of the short form was always located adjacent to the nucleus 
and usually posterior to it (Fig. 3C). Dividing stages of this form were 
common (Fig. 3D). Small round amastigote forms averaging 4.0 /.Lm in 
diameter were occasionally observed (Fig. 3E). The kinetoplast of the 
long forms was usually located just anterior to the nucleus, which mea-
sured 5.0 /.Lm long by 1.5 /.Lm wide and was located 5.0 /.Lm from the 
posterior end (Fig. 3F). Division stages of the long form were not ob-
served. Trypomastigote stages, where the kinetoplast is near the pos-
terior end of the body, were not observed in stained preparations of 
leech gut contents, but these stages are often in the proboscis sheath 
area, and that was not examined specifically in these leeches because 
of the low number of leeches available. 
Remaining leeches were allowed to deposit cocoons, and newly 
hatched leeches, not infected with hemoflagellates, were placed into an 
aquarium with a 11O~mm-long, uninfected English sole, where they fed 
periodically over a 3-mo period and increased significantly in size. Ten 
of these leeches were placed on a large R. binoculata infected with T. 
gargantua and allowed to feed. Only 3 leeches were recovered. One 
was examined for hemoflagellates after 10 days and was heavily in-
fected with the short form as discussed above; no long, slender stages 
were observed. Seventeen days later, the 2 remaining leeches were 
placed on a small, putatively uninfected R. binoculata and allowed to 
feed. Nine days after the leeches fed, T. gargantua was observed in the 
skate blood. 
Remarks 
Infections of T. gargantua in R. binoculata were always light and no 
division stages were observed. This flagellate was identified as T. gar-
TABLE III. Trypanoplasms found in Oregon marine fishes separated by host. 
Trypanoplasma Trypanoplasma Trypanoplasma 
Fish No. examined bobolsoni beckeri sp. 
Scorpaenichthys marmoratus 0 0 0 
Eopsetta jordani 303 106 0 0 
Lyopsetta exilis 35 9 0 0 
Parophrys vetulus 1,102 51 0 134 
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FIGURE 1. Trypanosoma pacifica. f, free flagellum; k, kinetoplast; 
n, nucleus. FIGURE 2. Trypanosoma gargantua. f, flagellum bordering undulat-
gantua because it lacked a free flagellum and measurements were con-
sistent with those of T. gargantua from the type host in New Zealand 
(Laird, 1951), although the individuals from Oregon were somewhat 
shorter. The flagellate from Hemiscyllium ocellatum (Bonnaterre) at 
Heron Island, Australia, identified by Mackerras and Mackerras (1961) 
as T. gargantua, was later described as a new species, Trypanosoma 
mackerrasi Burreson (Burreson, 1989). This species also lacks a free 
flagellum, but the PK distance in T. mackerrasi is much greater than in 
T. gargantua. The only other trypanosome from elasmobranchs in the 
Pacific is T. humboldti Morillas, George-Nascimento, Veleria and Khan, 
from the Chilean catshark Schroederichthys chilensis (Guichenot) (Mor-
illas et al., 1987). This species has a free flagellum, unlike T. gargan(ua, 
possesses a much narrower body, and has a nucleus located much more· 
anteriorly than T. gargantua. 
Experimental evidence suggests that O. confluens is a leech vector 
for T. gargantua in Oregon, but other leech vectors cannot be ruled out. 
Known uninfected leeches developed high concentrations of develop-
mental stages of a flagellate after feeding on an infected R. binoculata, 
and a putative uninfected R. binoculata acquired an infection of T. 
gargantua after infected leeches fed on it. It-is always difficult drawing 
definite conclusions on life cycles when recipient hosts are collected 
from the wild and absence of existing infections cannot be absolutely 
assured, even though no flagellates are observed in peripheral blood in 
multiple examinations. Orientobdella confluens has never been reported 
in the south Pacific, so another leech may serve as the vector for T. 
gargantua in that region. Some frog and turtle trypanosomes are known 
to have more than 1 leech vector (Siddall and Desser, 1992), although 
they are congeners in the 2 cases known. Alternatively, the flagellate 
reported from R. binoculata may be a distinct species, morphologically 
similar to T. gargantua, but there is no basis for separate species status 
with the current information. 
The developmental stages of T. gargantua in O. confluens are similar 
to those reported for another trypanosome of skates, i.e., T. rajae Lav-
eran and Mesnil, in its leech vector Pontobdella muricata L., in the 
north Atlantic (Robertson, 1907, 1909). Robertson observed amastigote, 
epimastigote, and trypomastigote stages in the gut of P. muricata. No 
ing membrane; k, kinetoplast; n, nucleus. 
measurements were given by Robertson (1907, 1909), but drawings of 
her long, slender forms are very similar to those observed in o. con-
fluens, except that those in P. muricata had the kinetoplast well pos-
terior to the nucleus, while those in O. confluens had the kinetoplast 
anterior to the nucleus. 
Trypanosoma khan; n. sp. 
(Fig. 4) 
Description: Very active in fresh blood preparation, but no directional 
movement; body wound into tight sphere resembling a spinning ball. 
Monomorphic in stained smears. BL 60.7 (53.0-68.0), sharply attenu-
ated at both ends (n = 10); BW 3.4 (2.5-4.0). Cytoplasm stained dark 
blue except for last 6-7 fLm at posterior end, which was only very 
lightly stained (Fig. 4). Cytoplasm with numerous vacuolar areas; striae 
absent. NL 4.4 (3.5-5.5), NW 3.4 (2.5-4.0); nucleus lacking karyo-
some. AN 20.0 (16.0-23.0); PN 40.7 (37.0-45.0). Kinetoplast large, 
rounet,. K 1.4, occupying entire body width; PK 4.0 (3.5-4.5). KN 35.3 
(32.0-40.0). Kl 1.15, NI 2.0. Flagellum borders narrow, seldom seen 
undulating membrane; FLA 15.3 (12.0-19.0). 
Taxonomic summary 
Type host: Dover sole, Microstomus pacificus (Lockington). 
Prevalence: 9.8%. 
Type locality: Pacific Ocean, 10 km off Newport, Oregon. 
Other hosts: Petrale sole Eopsetta jordani (Lockington) (8.3%); rex 
sole G. zachirus Lockington (2.1 %); English sole P. vetulus Girard 
(2.0%); all from the locality. 
Material deposited: Syntype slides from M. pacificus (USNPC 
99660, 4 blood smears from same individual) and P. vetulus (USNPC 
99661). 
Etymology: The new species is named in honor of Dr. Rasul A. Khan, 
Memorial University, St. John's, Newfoundland, Canada, for his many 
contributions to our knowledge of marine fish trypanosomes. 
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FIGURE 3. Trypanosoma gargantua in the leech vector Orientob-
della confluens. (A) Short stage drawn from life. (B) Elongate stage 
drawn from life. (C) Short stages, stained smear. (D) Short stage un- FIGURE 4. Trypanosoma khani n. sp. f, free flagellum; k, kinetoplast; 
dergoing division, stained smear. (E) Possible amastigote stages, stained n, nucleus. 
smear. (F) Elongate stages, stained smear. k, kinetoplast; n, nucleus. 
Remarks 
All age classes of English sole greater than 1 had about equal prev-
alence of T. khani. For petrale sole, however, age classes 4+ had a 
much higher prevalence than age classes 0-3. Petrale sole greater than 
310 mm total length had a prevalence of 44.9% (22/49). Infection in-
tensity was always low in all hosts, with only 1 or 2 individuals ob-
served in each fresh blood preparation. No division stages were ob-
served. Even though T. khani occurs in P. vetulus, the same host' as for 
T. pacifica, T. khani is not a pleomorphic stage of T. pacifica. Although 
experimental infections of T. pacifica persisted in M. pacificus and G. 
zachirus (but not E. jordani), typical T. pacifica were never observed 
in M. pacificus, E. jordani, or G. zachirus in wild fish. 
Although there are over 40 species of Trypanosoma reported from 
marine fishes (Lorn, 1979), there are only 6 recognized species that 
occur in the order Heterosomata (flatfishes). Karlsbakk and Nylund 
(2006) synonymized T. flesi Lebailly, T. bbthi Lebailly and T. limandae 
Brumpt and Lebailly with T. platessae Lebailly, leaving the following 
valid species in heterosomatid hosts: T. platessae, T. soleae Laveran 
and Mesnil, T. latemae Lebailly, and T. pleuronectidium Robertson (see 
Karlsbakk and Nylund, 2006), all from the north Atlantic Ocean, T. 
caulopsettae Laird, from the south Pacific, and T. pacifica from the 
north Pacific. Trypanosoma khani is much longer than T. soleae, T. 
platessae, or T. late mae from the north Atlantic; it has a much longer 
free flagellum than T. pleuronectidium, and also lacks the striae present 
in that species. The trypanosome reported by So (1972) was approxi-
mately the same length, but had a shorter free flagellum and a much 
smaller kinetoplast, and the nucleus was located more posteriorly. Al-
though pleomorphic, T. caulopsettae was generally longer and wider 
than T. khani, had obvious striae, which are lacking in T. khani, and 
had a much smaller kinetoplast. Trypanosoma khani is much larger in 
all respects than T. pacifica. 
Trypanosoma murmanense Nikitin 
(Fig. 5) 
Description of Oregon specimens: Very active in fresh preparations, 
wound into tight, spinning sphere. Monomorphic in stained smears, but 
only 3 individuals observed. BL 91.7 (89.0-95.0) (n = 3), BW 4.0; 
body sharply attenuated at the anterior end, slightly rounded at the pos-
terior end (Fig. 5). Cytoplasm stained dark blue with Giemsa except for 
region posterior to kinetoplast, which stained lightly; vacuoles absent, 
5 striae present. NL 6.0, NW 4.0, AN 43.3 (42.0-45.0), PN 48.4 (47.0-
50.0); karyosome absent. Kinetoplast small, K 0.7, KN 33.0 (31.0-
35.0); PK 9.7 (8.0-11.0). KI 1.47, NI 1.12. Flagellum borders narrow 
undulating membrane, FLA 10.5 (10.0-11.0). 
Taxonomic summary 
Type host: Atlantic cod, Gadus morhua L. 
Type locality: Portugal Cove, Conception Bay, Newfoundland. 
Other hosts and localities: Slender sole Lyopsetta exilis (Jordan & 
GHbert), Pacific Ocean, 15 km off Newport, Oregon, 200-m depth (this 
study), prevalence 11.4%. 
Leech vector: lohanssonia arctica (Johansson). 
Material deposited: USNPC 99668 4 slides from same L. exilis. 
Remarks 
Infection intensity was always very low in L. exilis and only 3 in-
dividuals were observed in stained preparations; they were almost iden-
tical in size. No division stages were observed. Slender sole (n = 10) 
collected at a depth of 80 m were not infected with T. murmanense; 
only slender sole collected at 200 m were infected (n = 25), suggesting 
the vector is a deep water leech. 
Trypanosoma murmanense infects a wide varie'y of fish in the north 
Atlantic (Khan et aI., 1980, Karlsbakk and Nylund, 2006) and the only 
known leech vector is 1. arctica (Johansson) (Khan, 1976). Khan (1977) 
reported T. murmanense from 3 species of flatfishes; body lengths of 
the flagellates ranged from 66 to 111 fJ-m. Karlsbakk et al. (2005) re-
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FIGURE 5. Trypanosoma murmanensis. f, free flagellum; k, kineto-
plast; n, nucleus. 
ported that body lengths of T. murmanense transmitted to halibut by 
leeches reached a maximum of 90 ILm after 81 days. The body length 
of T. murmanense reported from L. exilis is consistent with these mea-
surements. In all other morphological aspects, the trypanosomes from 
L. exilis are consistent with T. munnanense. In addition, the leech vector 
for T. munnanense in the north Atlantic, J. arctica, is known to occur 
in (data not shown). For these reasons, the trypanosome from L. exilis 
was identified as T. murmanense. 
Trypanoplasma becker; Burreson 
Taxonomic summary 
Type host: Cabezon S. mannoratus (Ayres). 
Prevalence: 16.7% 
Type locality: Pacific Ocean, 1 km off Newport, Oregon. 
Leech vector: Malmiana diminuta Burreson confirmed, Trachelob-
della oregonensis Burreson likely. # ' 
Material deposited: Syntype slides USNPC 75243. 
Remarks 
Trypanoplasma beckeri was adequately described and its life cycle 
documented by Burreson (1979). No new data are added in this report. 
Trypanoplasma bobolson; n. sp. 
(Fig. 6) 
Description: Active, but nondirectional movements in fresh prepa-
rations. In stained preparations of individuals from E. jordani and P. 
vetulus, BL 16.8 (13.9-18.8), BW 3.3 (2.5-5.0) (n = 25), staining light 
blue with a darker staining band posterior to kinetoplast (Figs. 6A, B); 
vacuoles present. Dark staining kinetoplast, KL 4.5 (3.6-6.2), KW 1.3 
(0.8-1.8), located 1.3 (0.7-0.8) from anterior end. NL 4.9 (4.0-5.9), 
NW 0.8 (0.2-1.2), AN 5.6 (3.7-8,0). FLA 17.2 (14.9-21.5), FLP 9.0 
FIGURE 6. Trypanoplasma bobolsoni n. sp. (A, B) Individuals from 
Eopsetta jordani. (C) Individual from Lyopsetta exilis. af, anterior fla-
gellum; k, kinetoplast; n, nucleus; pf, posterior flagellum. 
(7.1-10.2). Individuals from L. exilis longer (Fig. 6C); BL 23.6 (20.0-
27.0) (n = 25), BW 4.0 (2.9-5.0). KL 5.0 (4.0-6.5), KW 1.5 (1.0-2.5), 
located 1.5 (0.5-2.0 from anterior end of body. NL 5.0 (4.5-6.0), NW 
1.8 (0.5-2.0), AN 6.0 (4.5-9.5). FLA 16.8 (12.0-20.0); FLP 8.1 (4.5-
10.0). 
Taxonomic summaryc 
Type host: Petrale sole E. jordani (Lockington). 
Prevalence: 34.9%. 
Type locality: Pacific Ocean, 5-10 km off Newport, Oregon. 
Other hosts: Slender sole L. exilis (Jordan and Gilbert) (25.7%); En-
glish sole P. vetulus Girard (4.6%), both from type locality. 
Material deposited: Syntype slides from E. jordani (USNPC 99662, 
99663, 99664), L. exilis (USNPC 99665), and P. vetulus (USNPC 
99666); mixed infection of T. bobolsoni and T. pacifica from L. exilis 
(USNPC 99667). 
Etymology: Named in honor of Dr. Robert E. Olson, Hatfield Marine 
Science Center, Oregon State University, Newport, Oregon, mentor and 
friend, for his many contributions to the study of parasites of Oregon 
marine fishes and for his support during this research. 
Host specificity 
A number of different studies were conducted in an attempt to de-
termine if the trypanoplasms in the 3 fish hosts were the same species 
and to determine if other hosts could be infected experimentally. On 3 
different occasions, blood from a heavily infected E. jordani (7,000 
flagellates/ILl) was injected into a total of 6 uninfected E. jordani and 
6 uninfected P. vetulus. Flagellates were present in 4 of the 6 E. jordani 
after 48 hr, but in low numbers; no flagellates were seen after 14 days. 
None of the P. vetulus became infected. Slender sole L. exilis was 
infrequently collected, was difficult to keep alive in the laboratory, and 
no individuals of this host were injected. Intensity of natural infections 
in P. vetulus was always very low, and infected blood from this host 
was not injected into other fish. Blood from a heavily infected L. exilis 
(11,000 flagellatesJ,..d) was injected into 2 E. jordani and 2 P. vetulus; 
both P. vetulus harbored light infections after 48 hr, but neither E. jor-
dani was infected and both died the next day. The 2 P. vetulus remained 
infected for 30 days, when the experiment was terminated. 
Blood from a heavily infected E. jordani (7,000 flagellateslfLl) was 
injected into 2 sand sole P. melanostictus, 2 butter sole l. isolepis, and 
2 Dover sole M. pacificus; 2 E. jordani and 2 P. vetulus were injected 
at the same time. After 48 hr, very light infections were observed in 
both E. jordani, both l. isolepis, and both M. pacijicus. No flagellates 
were observed in P. vetulus or P. melanostictus. Over the next 3 wk 
intensity of infection remained low in E. jordani and l. isolepis, but 
became very heavy in M. pacijicus. 
Remarks 
Infections in P. vetulus were always light in intensity, with less than 
10 flagellates per X 100 microscope field, but intensity in E. jordani and 
L. exilis was often high, with up to 20 flagellates per X400 microscope 
field in fresh blood preparations. Division stages were not observed in 
peripheral blood. None of the 25 L. exilis collected at 200 m was in-
fected, but 9 of 10 L. exilis collected at depths between 40 and 80 m 
were infected, suggesting that the unknown leech vector may not occur 
in deep water. Leeches were never observed on E. jordani or L. exilis. 
The leech O. pallida, although common on P. vetulus infected with T. 
bobolsoni, was not thought to be a suitable vector for the reasons dis-
cussed above under T. pacijica. 
In host specificity injection experiments, infections never occurred in 
P. vetulus after injection with infected blood from E. jordani, although 
infections did not persist in injected E. jordani for more than 14 days. 
Infections did occur in P. vetulus, but not E. jordani after injection with 
infected blood from L. exilis. Unfortunately, P. vetulus was not used as 
a donor because of light infections, and L. exilis was not used as a 
recipient because of difficulty keeping this host alive in the laboratory. 
Host specificity results suggest that the trypanoplasms in P. vetulus and 
L. exilis are the same species, but that the trypanoplasm in E. jordani 
is a different species. There are no morphological distinctions of the 
flagellates in P. vetulus and E. jordani, however, whereas those in L. 
exilis have a longer body. Thus, morphology and host specificity studies 
are contradictory, and without knowledge of the leech vector they are 
all assumed to be the same species. It is possible that individual fish 
refractory to infection in laboratory studies had developed immunity to 
T. bobolsoni in the wild, and that results are not necessarily reflective 
of the overall host species response. Although immunity was not in-
vestigated in this study, an acquired immune response against hemofla-
gellates does develop in fish, as reviewed by Woo (2006). The persis-
tence of infections in l. isolepis and M. pacijicus after injection of in-
fected T. bobolsoni-infected blood from E. jordani suggest that the host 
specificity observed in nature is the result of vector specificity, not 
flagellate specificity, as wild fish of these 2 hosts were never observed 
infected. 
Only 1 trypanoplasm, T. beckeri, was previously known from the 
north Pacific Ocean. Sloan et aI. (1984) reported, but did not describe 
or name, a trypanoplasm in the gut of the leech Notostomum cyclo-
stomum Johansson from British Columbia, Canada. They also reported, 
but did not describe or name, a trypanoplasm in yellowfin sole L. aspera 
from the same area and noted small leeches, not N. cyclostomum, on 
the body surface of a small individual fish. It is not known if the try-
panoplasm in the leech N. cyclostomum and the 1 in the sole L. aspera 
are the same. Two trypanoplasms are known from the south Pacific, T. 
parmae Mackerras & Mackerras, from Australia (Mackerras and Mack-
erras, 1961), and T. neghmei Khan, Lobos, Garcfas, Munoz, Valdebenito 
and George-Nacimento, from flounder off central Chile (Khan et aI., 
2001). Trypanoplasma bobolsoni is much smaller than T. beckeri and 
also much smaller than T. neghmei, but it is much larger than T. parmae. 
Mackerras and Mackerras (1961) indicate the possibility that T. parmae 
may be a contaminant from the alimentary tract and its small size and 
abnormal appearance in blood smears support this conclusion. 
Trypanoplasma bobolsoni is similar in size to T. bullocki (Strout), a 
common hemoflagellate of a wide variety of hosts along the east coast 
of the United States (Burreson and Zwerner, 1982), although the former 
lacks the yellowish refractive granules in the cytoplasm observed in T. 
bullocki (Burreson, 1982). In addition, the known vector for T. bullocki, 
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FIGURE 7. Trypanoplasma sp. from Parophrys vetulus. af, anterior 
flagellum; k, kinetoplast (partially fragmented); n, nucleus; pf, posterior 
flagellum. 
the leech Cystobranchus vividus Verrill, does not occur in the Pacific 
Ocean (Burreson, 2007). Khan has demonstrated that T. murmanense is 
transmitted to a variety of fish hosts only by the leech J. arctica, al-
though many other leech species occur in the north Atlantic. Life cycles 
documented to date suggest that the pattern of vector specificity is a 
general one for fish hemoflagellates (Karlsbakk and Nylund, 2006), al-
though not necessarily for frog and turtle hemoflagellates (Siddall and 
Desser, 1992). Thus, it is unlikely that T. bullocki occurs in the Pacific 
Ocean because its vector does not occur there, and is further evidence 
that T. bobolsoni is a valid species. 
Trypanoplasma bobolsoni is also very similar in size to T. salmositica 
(Katz), known from freshwater in the Pacific Northwest, U.S.A., pri-
marily in salmonid fishes. The leech vector for T. salmositica is known 
to be the freshwater leech C. salmositicus (Meyer) (Becker and Katz, 
1965). Thus, although similar morphologically, the marine T. bobolsoni 
and the freshwater T. salmositica are distinct species. 
Trypanop/asma sp. 
(Fig. 7) 
Description: Movements extremely sluggish in fresh preparations, 
wide body continually folding and slowly changing shape; 2 flagella in 
continual flickering motion, but did not influence movement of organ-
ism. Red blood cells seemed to adhere to flagellates in fresh prepara-
tions. In stained preparations, BL 31.0, BW 12.5 wide (n = I); body 
stained unevenly with Giemsa, resulting in large unstained areas and 
heavily stained, granular portions. Dark staining kinetoplast, partially 
fragmented, KL 5.5, KW 3.0, located 2.0 from anterior end of body. 
NL 7.0, NW 4.0, AN 17.0; nucleus stained light red with dark staining 
granular areas around the margin. FLA 18.5; FLP 10.5. 
Taxonomic summary 
Host: English sole P. vetulus Girard. 
Prevalence: 12.2%. 
Locality: Pacific Ocean, 5-10 km off Newport, Oregon. 
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Material deposited: Three blood smears from same P. vetulus 
(USNPC 99670). 
Remarks 
Although this flagellate was found in 134 of 1,102 (12.2%) P. vetulus, 
intensity was always low. Although many flagellates were observed in 
stained preparations, they were usually obscured by red blood cells and 
only 1 flagellate was found on stained blood smears from which mor-
phological measurements could be made (Fig. 7). This flagellate appears 
clearly distinct from T. beckeri and T. bobolsoni, and from all other 
known Trypanoplasma sp., but it cannot be adequately described from 
only a single individual in blood smears. 
Multiple infections 
The following multiple infections were observed in P. vetulus, with 
the number of occurrences in parentheses: T. pacifica and T. bobolsoni 
(1), T. pacifica and Trypanoplasma sp. (22), T. pacifica, T. bobolsoni, 
and Trypanoplasma sp. (1), T. pacifica and Trypanosoma khani (1), T. 
bobolsoni and Trypanoplasma sp. (4), T. khani and Trypanoplasma sp. 
(4). Three multiple infections of T. khani and T. bobolsoni were ob-
served in E. jordani and 1 multiple infection of T. pacifica and T. 
bobolsoni occurred in L. exilis. Based on chi-square analyses of infec-
tions in P. vetulus, none of the coinfections were more common than 
expected by chance (P > 0.05), which might have indicated a common 
vector. Most coinfections were no different than expected by chance (P 
> 0.05), but co-occurrence of T. pacifica and T. bobolsoni was less than 
expected by chance (P < 0.01). The reasons for this are not obvious, 
but it may be that P. vetulus is a marginal host for T. bobolsoni, because 
infection intensity was always low, and perhaps any immune response 
elicited by T. pacifica is enough to prevent successful establishment of 
T. bobolsoni. Occurrence of multiple infections in E. jordani were no 
different than expected by chance (P > 0.05). 
DISCUSSION 
It is sometimes difficult to determine with certainty, based 
on morphology alone, when a parasite is an undescribed species 
(Kunz, 2002). DNA sequence data can provide some insight 
into species designations, but none was available for the he-
moflagellates studied here. Researchers in the early 20th cen-
tury, when most fish trypanosome and trypanoplasm species 
were established, considered host specificity an absolute; thus, 
each new infected host species resulted in a new species of 
hemoflagellate (Lorn, 1979; Karlsbakk and Nylund, 2006). In 
some cases, multiple species of trypanosomes were described 
from the same host species based on minor variability of size 
measurements (Lorn, 1979). More recent workers, especially 
Khan (1977), Khan et al. (1980), Burreson (1982), Burreson 
and Zwemer (1982), and Karlsbakk and Nylund (2006), used 
leech vectors to show that a single species of hemoflagellate 
could infect many different species of fishes. Lack of host spec-
ificity in fish trypanosomes has also blten supported by a pair-
wise genetic distance analysis of 12S rRNA gene sequence data 
from freshwater fish trypanosomes in Europe (Figueroa et aI., 
1999). These authors found no justification for assigning dis-
tinct species status to trypanosomes isolated from different host 
species. Karlsbakk and Nylund (2006) reviewed the trypano-
somes known from marine fishes in the north Atlantic and syn-
onymized many species based on similarity of size measure-
ments. 
Karlsbakk and Nylund (2006) provide a very thorough dis-
cussion of the various morphological characters typically used 
to describe trypanosomes, and these also apply to trypano-
plasms. They state that it is important to study individual fla-
gellates from infections in more than 1 host, and that was done 
for the 2 new species described here. Karlsbakk and Nylund 
(2006) also state that comparisons with previous descriptions 
are often difficult because early descriptions were brief, mor-
phological variation is often unknown, and different methods 
of fixation/observation have been used. For these reasons, it is 
difficult to make definite conclusions on species identities. 
Nonetheless, because of the paucity of species reported previ-
ously from the north Pacific Ocean compared with the north 
Atlantic Ocean, and the morphological distinctions described 
for the new species from the Pacific, I am confident that the 
new species described herein are valid. 
The leech fauna of the north Pacific is as diverse as that in 
the north Atlantic (Sawyer, 1986; Burreson, 2007), so there is 
no reason to suspect that the hemoflagellate fauna in the north 
Pacific will be any less diverse than that in the north Atlantic. 
Although they believe the actual number is lower, Karlsbakk 
and Nylund (2006) recognized 14 species of Trypanosoma from 
the north Atlantic and Mediterranean Sea, and there is also 1 
species of Trypanoplasma. With the species reported herein, 
only 4 hemoflagellates are known from the north Pacific. 
Trypanoplasma is used rather than Cryptobia for the genus 
appellation of the fish blood biflagellates reported here because 
3 different molecular phylogenetic studies hypothesize that 
Cryptobia helices from snails, the type species of Cryptobia, is 
not a sister taxon to 4 different species of fish trypanoplasms 
(Maslov et al., 2001; Hughes and Piontkivska, 2003; Moreira 
et al., 2004). In all analyses, if the fish biflagellates are placed 
in Cryptobia, then Cryptobia is paraphyletic. The fish biflagel-
lates form a monophyletic clade sister to Procryptobia (= Bodo) 
sorokini. These studies support the long-held view of most Eu-
ropean hemoflagellate researchers that Trypanoplasma and 
. Cryptobia are distinct genera (Woo, 2006). 
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PHYLOGENETIC AFFINITIES OF PLAGIOCIRRUS VAN CLEAVE AND MUELLER, 
1932 WITH THE DESCRIPTION OF A NEW SPECIES FROM THE 
PASCAGOULA RIVER, MISSISSIPPI 
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ABSTRACT: Plagiocirrus loboides n. sp. (Digenea: Opecoelidae) is described from Fundulus nottii, F. dispar blairae, F. chrysotus, 
and Notemigonus crysoleucas from the Pascagoula River in Mississippi. Plagiocirrus lobo ides differs from P. primus Van Cleave 
and Mueller, 1932, by having a longer postcecal space (14-25% of body length vs. about 7%); a more anterior vitellarium 
(extending at least to the middle of the ventral sucker vs. to its posterior margin); and larger eggs (51-71 J.Lm long by 23-34 
J.Lm wide vs. 40-55 J.Lm long by 30-35 J.Lm wide). Plagiocirrus loboides differs from P. testeus Fritts, 1959, by having a long 
postcecal space (vs. <5% of body length); irregular, oblique, contiguous testes (vs. strongly lobed, well separated, tandem testes); 
and a more extensive vitellarium. Plagiocirrus lobo ides differs from both congeners by having an ovary comprised of 3 or 4 
distinct lobes rather than having an entire ovary. Plagiocirrus wuyienensis Wang, 1981, from Hemimyzon zebroidus in Fujian 
Province, China, is herein considered a species inquirenda because it has a Y-shaped excretory bladder. Molecular phylogenetic 
analysis of 28S rDNA gene fragments from P. loboides and 17 digenean species demonstrates that Plagiocirrus belongs in 
Opecoelidae. 
Plagiocirrus Van Cleave and Mueller, 1932, was erected for 
P. primus Van Cleave and Mueller, 1932, a freshwater trema-
tode parasitizing the golden shiner, N. crysoleucas (Mitchill, 
1814) (Cypriniformes: Cyprinidae), in Oneida Lake, New York. 
Van Cleave and Mueller (1932) placed Plagiocirrus in Allo-
creadiidae, a catchall family for freshwater digeneans of fish at 
that time. They considered Plagiocirrus similar to Plagioporus 
Stafford, 1904, also a notional allocreadiid at the time. The 
initial treatment of Plagiocirrus in Allocreadiidae contributed 
to a legacy of classification problems in Xiphidiata. Van Cleave 
and Mueller (1934) advocated a diagnosis of Allocreadiidae 
based on adult features that was more accommodating than di-
agnoses followed by most of their contemporary workers. 
Along with Plagiocirrus and Plagioporus, Van Cleave and 
Mueller (1934) included Lissorchis Magath, 1917, Macrode-
roides Pearse, 1924, Triganodistomum Simer, 1929, and Allo-
glossidium Simer, 1929 in Allocreadiidae, with Alloglossidium 
accepting species previously placed in Plagiorchis Liihe, 1899 
from freshwater fishes in North America. They justified this 
classification on the basis that: (1) they could find no distin-
guishing familial characters separating Lissorchis from Atlo-
creadiidae; and (2) members in Macroderoides, Triganodisto-
mum, and Alloglossidium, all previously included in Plagior-
chiidae (e.g., Magath, 1917; Pearse, 1924; Simer, 1929), had 
I-shaped excretory bladders like allocreadiids, whereas, accord-
ing to Van Cleave and Mueller (1934), true plagiorchiids all 
had Y-shaped excretory bladders. Van Cleave and Mueller 
(1934) considered Plagiocirrus, Plagioporus, Lissorchis, and 
Triganodistomum to be closely related within Allocreadiidae 
because their members all had sinistral genital pores. Many sub-
sequent workers initiated a greater understanding of the fresh-
water fish digeneans by emphasizing the importance of larval 
features when classifying genera. Hopkins (1933, 1934) rec-
ognized that the North American papillose allocreadiids and at 
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least 1 nonpapillose species, Allocreadium isoporum (Looss, 
1894), from Europe, had ophthalmoxiphidiocercariae. DeGiusti 
(1962) confirmed that A. lobatum Wallin, 1909, from North 
America, also had an ophthalmoxiphidiocercaria. McMullen 
(1935) demonstrated that Macroderoides typicus (Winfield, 
1929) and Alloglossidium corti (Lamont, 1921) had xiphidi-
ocercariae and transferred the genera back into Plagiorchiidae. 
Similarly, noting that Lissorchis fairporti Magath, 1917 pos-
sessed a xiphidiocercaria, McMullen (1937) considered Lissor-
chiidae to be a valid family in Plagiorchioidea. Wallace (1939) 
demonstrated that a tailless cercaria, identified as Cercaria mut-
abile Cort, 1918, lacking an oral stylet, developed into the adult 
of Triganodistomum mutabiZe (Cort, 1918). Wallace (1941) 
compared the cercaria of T. mutabile with that of L. fairporti, 
which had a tail and oral stylet, and concluded that the overall 
morphology was otherwise similar and that the 2 species be-
longed in Lissorchiidae based on similarity of larval and adult 
features and despite some cercaria differences. Consequently, 
Triganodistomum and Lissorchis were thereafter segregated 
from Plagiocirrus and Plagioporus and grouped in Lissorchi-
idae (Wallace, 1941). Manter (1947) tentatively created Plagio-
porinae in Opecoelidae for Plagioporus and a number of other 
notional allocreadiids he recognized belonged in Opecoelidae 
on the basis that they had cotylomicrocercous cercariae. The 
larval stages of Plagiocirrus continued to elude collectors and 
the genus remained in Allocreadiidae. 
For a time, Yamaguti (1954) included Plagiocirrus in Zoo-
gonidae presumably because the vitellarium consisted of rela-
tively small, paired groups of follicles. Later, Yamaguti (1958) 
returned Plagiocirrus to Allocreadiidae placing it in the new 
subfamily Urorchiinae with Urorchis Ozaki, 1927, a genus with 
species in Japanese freshwater fishes. Gibson and Bray (1982) 
advocated a concept of Plagioporinae in Opecoelidae modified 
from Manter (1947) that included all opecoelids that had a dis-
tinct cirrus sac and a canalicular seminal receptacle; however, 
these authors dealt mainly with European genera and did not 
classify Plagiocirrus. Shimazu (1990) on the other hand par-
tially followed the classification of Yamaguti (1971) and ad-
vocated that Plagiocirrus, Urorchis, and Pseudurorchis Ya-
maguti, 1971 belonged in Urorchiinae, but placed the subfamily 
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within Opecoelidae. Shimazu (1990) considered the key adult 
features defining Urorchiinae to be a submedian sinistral genital 
pore, a canalicular seminal receptacle, and preovarian ootype 
complex. Cribb (2005) did not recognize Urorchiinae as a dis-
tinct subfamily because the distinguishing features between 
Urorchiinae and Plagioporinae were ambiguous; consequently, 
he considered Plagiocirrus to belong in Plagioporinae, which 
he tentatively considered a senior subjective synonym for Uror-
chiinae. 
Plagiocirrus primus infects golden shiners over a widespread 
range in North America from Ontario in the north (see Gibson, 
1996), to Florida in the south (Williams and Rogers, 1984; Wil-
liams and Dyer, 1992). In addition, the species was reported 
from the fantail darter Etheostomafiabellare Rafinesque, 1819 
(Perciformes: Percidae), in Wisconsin and the large-scaled 
sucker Catostomus macrocheilus Girard, 1856 (Cypriniformes: 
Catostomidae), in Idaho (Fischthal, 1947, 1952; Fritts, 1959; 
Anthony, 1963). Yamaguti (1971) also reported P. primus from 
the common carp Cyprinus carpio carpio Linnaeus, 1758 (as 
Cyprinus carpio), the northern pike Esox lucius Linnaeus, 1758 
(Esociformes: Ecocidae), and E. fiabellare (as Catonotus fia-
bellaris lineolatus) from unspecified localities in the United 
States. Fritts (1959) reported both P. primus and a second spe-
cies P. testeus Fritts, 1959 from C. macrocheilus in Idaho. A 
third species, P. wuyienensis Wang, 1981, was described from 
a river loach Pseudogastromyzon zebroidus (Nichols) (= Hem-
imyzon zebroidus Nichols, 1925) (Cypriniformes: Balitoridae) 
from freshwater in Fujian Province, China (Wang, 1981). How-
ever, P. wuyienensis was described and illustrated with a 
Y-shaped excretory bladder (Wang, 1981); consequently, we 
consider it a species inquirenda. In the same publication, Wang 
(1981) described Stenakron megalobramae Wang, 1981, as a 
fellodistomid from the Black Amur bream Megalobrama ter-
minalis (Richardson, 1846) (Cypriniformes: Cyprinidae), also 
from freshwater in Fujian. Cribb (2005) considered S. mega-
lobramae to be a species inquirenda because of its superficial 
description. We note that S. megalobramae conspicuously re-
sembles species in Plagiocirrus and occurs in a cyprinid, but 
the uterus does not occupy the posttesticular space, and there-
fore we hesitate to consider it a member of Plagiocirrus .. 
During April through June of 2003, and again in May of 
2005, various fishes from the Pascagoula River were sampled 
for trematodes. A new species belonging in Plagiocirrus oc-
curred in the intestine of 3 species of top minnows and I indi-
vidual golden shiner. The species is herein described and partial 
28S rDNA gene sequences from the species are compared to 
those of other Xiphidiata to test exilitiing hypotheses regarding 
the systematic position of Plagiocirrus. 
MATERIALS AND METHODS 
Fish were captured from oxbows associated with the Pascagoula Riv-
er, in the Upper Pascagoula River Wildlife Management Area, George 
County, Mississippi, with the use of a kick net or 3-m-long seine with 
7-mm mesh. Fish were immediately transported live to the Gulf Coast 
Research Laboratory, in Ocean Springs, Mississippi, where they were 
FIGURE l. Plagiocirrus Loboides n. sp. (Digenea: Opecoelidae) from 
the intestine of Fundulus nottii, ventral view of holotype. Scale bar = 
275 f.1m. 
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necropsied within 3 days and examined for trematodes. Collected 
worms were placed briefly in 0.85% saline solution, then either fixed 
with near-boiling tap water and placed in 5% neutral buffered formalin 
solution or directly into 95% ethanol. Specimens in formalin were later 
rinsed in distilled water, stained with aqueous Van Cleave's hematox-
ylin, and partially dehydrated in a graded ethanol series. Drops of lith-
ium carbonate saturated in 80% ethanol, plus a small amount of buty-
lamine, were added to make the specimens basic. They were subse-
quently dehydrated through a graded ethanol series then cleared in clove 
oil and mounted in Canada balsam on glass slides. Drawings were made 
with the aid of a drawing tube. Measurements presented in the descrip-
tion are in micrometers and given as the mean followed by the range, 
when appropriate. Morphological terms used in the description followed 
those used by Manter (1970). Museum specimens were examined at the 
United States National Parasite Collection, Beltsville, Maryland 
(USNPC), and at the Harold W. Manter Laboratory of Parasitology, 
University of Nebraska, Lincoln, Nebraska (HWML). These included 
Plagiocirrus primus, holotype (USNPC No. 8565), 3 voucher specimens 
(HWML 23690); and Plagiocirrus teste us, holotype and 1 paratype 
(USNPC No. 55622). 
Genomic DNA was extracted from 2 ethanol-fixed specimens of the 
new Plagiocirrus species, under the protocol of Tkach and Pawlowski 
(1999). A 1,227-bp-long fragment of the nuclear 28S rDNA gene was 
amplified by PCR from each specimen and sequenced on an ABI Prism 
31OQ@> automated capillary sequencer following protocols described in 
Curran et al. (2006). One obtained sequence (GenBank EF523477) was 
aligned with those of 15 other xiphidiatans: Plagiorchis vespertilionis 
(MUller, 1784) (AF151931), Brachycoelium salamandrae (Froelich, 
1789) (AF151935), Prosthenhystera obesa (Diesing, 1850) (EF032690), 
A. lobatum (EF032693), Megalogonia ictaluri Surber, 1928 
(EF032694), Crepidostomum cornutum (Osborn, 1903) (EF032695), 
Nagmiafioridensis Markell, 1953 (EF032691), Phyllodistomum lacustri 
(Loewen, 1929) (EF032692), Gorgodera cygnoides (Zeder, 1800) 
(AF151938), Opecoeloides Jurcatus (Bremser in Rudolphi, 1819) 
(AF151937), Macvicaria mormyri (Stossich, 1885) (AF184256), Gaev-
skajatrema perezi (Mathias, 1926) (AF184255), Peracreadium idoneum 
(Nicoll, 1909) (AY222209), Saccocoelioides sp. (EF032696), and Hap-
ladena nasonis Yamaguti, 1970 (AY222265). Lissorchis kritskyi Barn-
hart and Powell, 1979 (EF032689) (Lissorchiidae) and Diplomonorchis 
leiostomi Hopkins, 1941 (AY222252) (Monorchiidae) were included for 
outgroup comparison. Sequences were all previously published by 
Tkach et al. (2001), Olson et al. (2003), or Curran et al. (2006). Se-
quences were aligned with the use of Clustal Wand further aligned by 
eye with MacClade ver. 4.03 (Maddison and Maddison, 2000). The full 
alignment was deposited with European Bioinformatics Institute and is 
available by anonymous FTP from FTP.EBI.AC.UK in directory/publ 
databases/embl/align and from the EMBLALIGN database through SRS 
at http://srs.ebi.ac.uk (instructions on retrieval can be found at http:// 
www3.ebi.ac.uklServices/webinlhelp/webin-align/alignSRShelp.html) 
under accession ALIGN_001133; exclusion sets were added as ·com-
ments. Regions that could not be aligned unambiguously were excluded 
from the analysis. Fragments in the alignment were localized at the 5' 
end of the nuclear 28S rDNA gene and included the DI-D3 variable 
domains. Fragments ranged in length from 1,225 bp in O. Jurcatus to 
1,253 bp in H. nasonis. After gap introduction the alignment measured 
1,276 bases long. Of these, 106 ambiguously aligned positions were 
excluded from the analysis, resulting in a total of 500 variable positions 
out of 1,170 unambiguous positions. A maximum likelihood (ML) anal-
ysis was performed with the use of PAUP* ver. 4.0blO (Swofford, 
2002). Nodal support was calculated based on 1,000 bootstrap replicates 
with 100 replicates at each step. 
DESCRIPTION 
Plagiocirrus loboides n. sp. 
(Figs. 1-3) 
Diagnosis (description based on 21 mature specimens): Body elon-
gated, tapering in anterior third, plump, 1,525 (1,319-2,442) long, 539 
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(393-685) wide. Tegument relatively thin, lacking spines. Eyespot rem-
nants lacking. Oral sucker, 172 (151-206) long, 187 (162-236) wide, 
with truncated base. Ventral sucker 280 (217-346) long, 307 (257-368) 
wide. Ratio of oral sucker to ventral sucker width 1:1.4-1.7. Prephar-
yrtx, 11-27 long. Pharynx 92 (78-112) long, 114 (89-145) wide. 
Esophagus slightly longer than pharynx. Forebody 481 (372-730), rep-
resenting 25-34% of body length. Intestine bifurcating in forebody, 
closer to ventral sucker than to oral sucker, with ceca terminating blind-
ly in hindbody. Postcecal space 328 long (201-513), 14-25% of body 
length. 
Testes oblique, intercecal in mid-hindbody, with irregular outline, 
contiguous; anterior testis sinistral, 123 (85-161) long, 119 (78-189) 
wide; posterior testis, 143 (105-173) long, 146 (102-245) wide. Vasa 
efferencia joining together at proximal end of cirrus sac; cirrus sac 
claviform, 245 (142-363) long, 59 (45-74) at widest part, containing 
subspherical to elongated seminal vesicle, prostatic complex and ejac-
ulatory duct; duct entering small genital atrium, everted in some indi-
viduals; proximal portion of cirrus sac usually dorsal to ventral sucker, 
sometimes entirely in forebody. Genital pore opening submedian, sinis-
tral, approximately at level of intestinal bifurcation. 
Ovary contiguous with anterior or both testis, comprised of 3 or 4 
distinct lobes; overall size 96 (78-156) long, 98 (61-129) wide. Oviduct 
extending in anterior direction. Ootype and Mehlis' gland located an-
terior to ovary. Seminal vesicle canalicular. Laurer's canal surrounded 
by glandular cells at distal end, opening on left side of body on dorsal 
surface. Uterus looping throughout hindbody; proximal portion usually 
containing sperm; distal portion a metraterm; metraterm dorsal relative 
to cirrus sac, joining with dorsal wall of genital atrium. Eggs numerous, 
operculate, 60 (51-71) long, 27 (23-34) wide measured from metraterm 
or distal uterus, embryonated, without eye-spotted miracidia. Vitellari-
urn follicular; follicles grouping in 2 lateral bunches surrounding ceca; 
bunches usually extending from level of middle of ventral sucker to 
that of middle of posterior testis (near mid-hindbody); anterior extent 
of vitellarium occurred at anterior margin of ventral sucker in 2 of 
21specimens. Vitelline reservoir medial, ventral relative to other com-
ponents of female complex. 
Excretory vesicle I-shaped, extending to level between posterior testis 
and cecal terminus, with 2 slender anterolateral secondary collecting 
ducts extending anteriorly. Pore terminal. 
Taxonomic summary 
Type host: Bayou topminnow, F. nottii (Agassiz, 1854) (Cyprino-
dontiformes: Fundulidae). 
Other hosts: Western starhead topminnow, F. dispar blairae Wiley 
and Jones, 1975; golden topminnow, F. chrysotus (GUnther, 1866); and 
golden shiner, Notemigonus crysoleucas (Mitchill, 1814) (Cyprini-
formes: Cyprinidae).· 
Site: Intestine. 
Type locality: Pascagoula River oxbow, George County, Mississippi 
(300 52'49.72"N,88°45'43.47"W). 
Specimens deposited: Ho1otype (USNPC No. 99674); paratype 
(USNPC No. 99675); 2 paratypes (HWML 48535, 48536). 
Etymology: The Greek adjectival name lobo ides refers to the lobed 
condition of the ovary in mature specimens measuring > 1.5 mm in 
body length. The specific epithet was given in the form of an adjective 
to agree with the masculine genus name, which is a mixture of the 
Greek Plagio (oblique) and Latin cirrus. We presume the genus name 
was intended to be a noun representing the oblique cirrus. 
Remarks 
Cribb (2005), like Manter (1947), considered Plagiocirrus probably 
closely related to Plagioporus in Opecoelidae rather than Allocreadiidae 
on the basis of many shared adult features. We agree with this assess-
ment and note that the metraterm occurs dorsal relative to the cirrus sac 
and enters the dorsal aspect of the genital atrium in species of Plagio-
cirrus and in members of Opecoelidae, whereas the metraterm enters 
FIGURE 2. Terminal genitalia and nearby features, ventral view showing pharynx (ph), gland cells associated with esophagus (gc), esophagus 
(e), genital pore (gp), ejaculatory duct (ed), opening to metraterm (om), gland cells associated with genital pore (gc), metraterm (m), pars prostatic a 
(pp), seminal vesicle (sv), cirrus sac (cs), ceca (c), vas efferens (ve), ventral sucker (vs), vitelline follicle (vD. Scale bar = 200 !Lm. 
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CURRAN ET AL.-NEW SPECIES OF PLAG/OCIRRUS 1457 
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FIGURE 4. Phylogenetic tree based on analysis of partial sequences of 28S rDNA gene with the use of the maximum-likelihood algorithm in 
PAUP*. Bootstrap support values (1,000 bootstraps with 100 replicates at each step) are shown above internodes. Shaded rectangles demonstrate 
that Plagiocirrus belongs in Opecoelidae and not in Allocreadiidae. Abbreviations: Pia, Plagiorchiidae; Bra, Brachycoeliidae; Cal, Callodistomidae; 
All, Allocreadiidae; Gor, Gorgoderidae; Ope, Opecoelidae; Hap, Haploporidae; Lis, Lissorchiidae; Mon, Monorchiidae. 
the ventral aspect of the genital atrium and occurs ventral relative to 
the cirrus sac and the cirrus sac overlies the metraterm dorsally in all 
members of Allocreadiidae. Plagiocirrus may be differentiated from 
Plagioporus by having a more extensive uterus that occupies almost 
the entire hindbody rather than one that is restricted to the portion of 
the hindbody lying anterior to the anterior testis. Plagiocirrus differs 
further from Plagioporus and from all other plagioporine genera by 
having a relatively reduced vitellarium that is restricted in lateral bands 
of follicles confined to the middle and anterior regions of the hindbody. 
The vitellarium is configured in 2 other ways within the subfamily: (1) 
vitellarium restricted to lateral bands of follicles that extend from the 
ventral sucker to the posterior end of the body, and (2) vitellarium 
consisting of lateral bands that extend in both the forebody and hind-
body. Plagiocirrus loboides n. sp. belongs in Plagiocirrus because the 
vitellarium is confined to lateral bands of follicles that extend fram the 
middle of the posterior testis to at least the middle of the ventral sucker. 
The vitellarium extends anteriorly to the anterior margin of the ventral 
sucker in 2 of 21 specimens but the vitellarium never extends into the 
forebody like in Plagioporus. 
Plagiocirrus loboides is most similar to P. primus but differs by 
having a longer postcecal space measuring 14-25% of total body length 
compared with about 7%, a vitellarium that extends further anteriorly 
(at least to the middle of the ventral suc~llr) compared with extending 
to the posterior margin of the ventral sucker, and slightly longer eggs 
that measure 51-71 fLm long by 23-34 fLm wide compared with 40-55 
fLm long by 30-35 fLm wide. In addition, the ovary in the new species 
is situated at the same level as the anterior testis rather than pretesticular. 
Plagiocirrus loboides differs from the other species in the genus, P. 
testeus, by having a longer post-cecal space, measuring 14-25% of total 
body length compared with less than 5%. Additionally, the testes of P. 
loboides are oblique, contiguous, and irregular whereas they are tandem, 
well-separated, and lobed in P. testeus. Moreover, the vitellarium is 
more extensive in P. lobo ides extending anteriorly from the region of 
the testes to at least the middle of the ventral sucker compared with 
being confined between the ovarian level and the posterior margin of 
the ventral sucker. Plagiocirrus loboides is most easily distinguished 
from its congeners by having an ovary comprised of 3 or 4 lobes rather 
than an entire one. Seventeen of 21 mature specimens of P. lobo ides 
measuring >1.4 mm in body length possessed a lobed ovary. Only 4 
of 21 mature specimens measuring 1.3-1.4 mm long had a subspherical, 
entire ovary. Because the ovary is lobed in all specimens measuring 
more than 1.4 mm long, we consider this a useful feature for identifying 
P. lobo ides. 
Neither Van Cleave and Mueller (1932) nor Fritts (1959) illustrated 
or described a bipartite seminal vesicle for species they described in 
Plagiocirrus. Mueller (1934) illustrated and described a simple, undi-
vided seminal vesicle in specimens of P. primus from Oneida Lake. 
Yamaguti (1971) considered the presence of a bipartite seminal vesicle 
to be an important generic level feature for Plagiocirrus. Yamaguti 
(1971) refigured the holotype of P. primus (USNPC No. 8565), includ-
ing what he termed a bipartite internal seminal vesicle in the drawing. 
We compared our specimens to the holotype of P. primus, 3 voucher 
specimens of P. primus (HWML 23690), as well as the holotype and 1 
paratype of P. testeus (USNPC No. 55622) and concluded that all the 
species shared the same condition of having either a subspherical or a 
slightly elongate seminal vesicle rather than a bipartite one because a 
muscular sphincter differentiating 2 distinct portions was absent (Fig. 
2). 
Cribb (2005) considered the presence of a canalicular seminal recep-
tacle an important feature characterizing Plagioporinae, but noted that 
a canalicular seminal receptacle had never been reported or observed 
in species of Plagiocirrus. Additionally, Cribb (2005) believed all mem-
bers of Plagioporinae lacked a uterine seminal receptacle. We observed 
a canalicular seminal receptacle in P. loboides (Fig. 3) and noted that 
copious amounts of sperm were also present in the proximal uterus of 
every live specimen we observed. 
Molecular analysis 
Maximum-likelihood analysis of partial 28S rDNA gene sequences 
including 2 outgroup species (L. kritskyi + D. leiostomi) and an ingroup 
consisting of P. loboides and members of 7 digenean families resulted 
in a phylogenetic tree showing 4 main clades as a polytomy: (1) Hap-
loporidae; (2) Opecoelidae; (3) Gorgoderidae + Callodistomidae + Al-
locreadiidae; and (4) Plagiorchiidae + Brachycoeliidae (Fig. 4). The 4 
clades and almost all subclades were characterized by very high boot-
strap support values (Fig. 4). This analysis unequivocally places Pla-
giocirrus in the Opecoelidae, thus supporting the original viewpoint by 
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Shimazu (1990) that the genus belonged in Opecoelidae. Our analysis 
did not corroborate the notion advocated by Cribb (2005) that Plagio-
cirrus belongs in the subfamily Plagioporinae. Plagiocirrus branched 
most closely with the opecoeline O. furcatus rather than with the 3 
plagioporine species M. mormyri, G. perezi, and P. idoneum (Fig. 4). 
Our results suggest that relationships among genera in Plagioporinae as 
perceived by Cribb (2005) in the most recent review of Opecoelidae 
might need reevaluation. The idea that Plagiocirrus may belong in 
Urorchiinae as advocated by Yamaguti (1971), but as a member of 
Opecoelidae rather than Allocreadiidae as promoted by Shimazu (1990), 
must be revisited. 
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A NEW GENUS GADIMYXA WITH THREE NEW SPECIES 
(MYXOZOA, PARVICAPSULIDAE) PARASITIC IN MARINE FISH (GADIDAE) 
AND THE TWO-HOST LIFE CYCLE OF GADIMYXA ATLANTICA N. SP. 
Marianne Ksie, Egil Karlsbakk*t, and Are Nylund* 
Marine Biological Laboratory, University of Copenhagen, DK-3000 Helsingm, Denmark. e-mail: mkoie@bi.ku.dk 
ABSTRACT: The myxozoans Gadimyxa atlantica n. sp. and G. sphaerica n. sp., and G. arctica n. sp. (Myxozoa, Parvicapsulidae), 
are described from Gadus morhua L. and Arctogadus glacialis (Peters) (Gadidae), respectively. They develop coelozoic in bisporic 
plasmodia in the urinary systems, Two morphological forms of spores were found in all 3 species, i.e., wide and (sub)spherical 
forms, Both spore types are bilaterally symmetrical along the suture line. The wide spores, semicircular in frontal view and 
elliptical in apical view, have 2 spherical polar capsules, which open in the sutural or median plane mid on the flat side of the 
spore. Mean widths of the wide spores of G. atlantica, G. sphaerica, and G, arctica are 7.5, 10.0, and 10.0 ILm, respectively. 
The older, more thick-walled, (sub)spherical spores with binucleate sporoplasm are 8.0, 5.3, and 7.3 ILm in mean width, respec-
tively. The mean diameters of the polar capsules of (sub)spherical spores are 2.4, 1.7, and 2.2 ILm, respectively. The (sub)spherical 
forms of Gadimyxa are most similar to Ortholinea within the Ortholineidae, but they differ in the development of the spores and 
in the arrangement of the polar capsules. The polychaetes Spirorbis spp. (Spirorbidae) act as invertebrate hosts of G. atlantica. 
The previously described actinospores of the tetractinomyxon type develop to myxospores in Gadus morhua within 8 wk. This 
is the second known myxozoan 2-host life cycle in the marine environment. Phylogenetic analyses based on partial small subunit 
rDNA sequences places Gadimyxa spp. among Parvicapsula spp. in the Parvicapsulidae, 
The Atlantic cod, Gadus morhua L. (Gadidae), is one of the 
most studied fish in the world; nevertheless, new parasite spe-
cies are still being described from this host. Two new myxozoan 
species were recently found in G. morhua from the 0resund, 
Denmark, western Norway, and a related species was found in 
Arctogadus glacialis (Peters) (Gadidae) from Greenlandic seas. 
These new species are described in the present article. 
Marine actinosporean developmental stages have been re-
corded in 4 polychaete families from the 0resund, Denmark. 
The actinosporean developmental stages that occur in Spirorbis 
spp. from 16-m depth, the northern 0resund, were used for 
experimental infections (K(IIie, 2002). 
MATERIALS AND METHODS 
Atlantic cod were caught by bottom trawl in the northern 0resund, 
Denmark, at 16--20-m depths. Most fish specimens were necropsied 
shortly after capture; all internal organs were examined, including the 
urinary system. For experimental infections, 60 cod (21-32 cm in 
length) from I bottom trawl (26 September 2006) were placed in 3 
tanks, Twenty specimens were examined within 3 days. Twenty speci-
mens were continuously exposed to thousands of Spirorbis spp, (An-
nelida, Polychaeta, Spirorbidae) attached to Laminaria sp. dredged in 
the northern 0resund at 16 m (K0ie, 2002). Twenty specimens of cod 
were placed in a tank with artificial al~tte only. Laminaria sp. with 
Spirorbis sp" but without G. morhua, was placed in a third tank. All 
tanks were provided with filtered seawater (30%0 S, 10 C) from a closed 
water system. The fish were fed frozen food only. The exposed fish, 2 
specimens each time, were examined 2, 4, 8, and 12 wk, and 4 and 5 
mo postexposure (PE), Fresh squash preparations of the urinary bladder 
and various parts of the kidney were examined for myxozoans. Smears 
were air-dried, methanol-fixed, stained with Giemsa, and embedded in 
DePeX mounting medium. Measurements (n = 10) were obtained from 
fresh preparations, and they are given as the mean and the range, Frozen 
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specimens of A. glacialis were obtained from Scoresby Sound, eastern 
Greenland, and southern Baffin Bay, western Greenland. 
DNA was extracted from kidney tissue or urinary bladders of the 
gadids containing Gadimyxa spp, and the posterior ends of naturally 
infected Spirorbis spp., using the DNeasy tissue kit protocol for animal 
tissues (QIAGEN, Hilden, Germany). The DNA were eluted in 100 ILl 
of AE buffer and stored at -20 C before use in a polymerase chain 
reaction (PCR). The PCR primers used were the forward primers Ecf, 
MyxF2, and PCF7 and the reverse primers PCR2, PCR3, I8g, and My-
xgen4r (Kent et al., 2000; Nylund et aI., 2005; K0ie et aI., 2007), with 
the addition of 2 new primers based on small subunit (SSU) rDNA 
sequences from Parvicapsula spinachiae: forward PcS-Fl (CCACGG 
TGTCTAGTIAATGGC) and reverse PcS-Rl (AACAATTTIGAWAT 
ACACTAC). The PCR amplifications were performed in a total volume 
of 50 ILl using 2 ILl of template DNA and a reaction mixture consisting 
of 5 ILl of lOX PCR buffer, 5 ILl of 10 mM dNTP, 2 ILl (10 mM) of the 
reverse and forward primer, 2 U of thermostable DNA polymerase 
(QIAGEN), and 34 ILl of distilled H20. The PCR conditions were as 
follows: after an initial 5-min denaturation step at 95 C, samples were 
taken through 40 amplification cycles, each consisting of a 30-sec de-
naturation step at 94 C, a 30-sec primer annealing step at a temperature 
dependent of the primer combination used, and a I-min and 30-sec 
extension step at 72 C. A prolonged extension step of 10 min at 72 C 
completed each reaction. The PCR products were purified on QIAquik 
PCR Purification columns (QIAGEN), and then they were sequenced 
using the BigDye Terminator Sequencing kit. The sequencing was done 
using the amplification primers described above. The sequence data 
were assembled with the Vector NTI Advance@) 10.3 software (Invitro-
gen, Carlsbad, California), and GenBank searches were done with 
BLAST (2.0). Alignments were done with AlignX® (Vector NTI), and 
in pairwise comparisons between sequences the multiple sequence 
alignment editor GeneDoc (www.psc.edu/biomed/genedoc)wasused.In 
these alignments, the variable regions in the compared SSU sequences 
were manually aligned to minimum divergence. Percentage of sequence 
identity (PID) was calculated as identity by aligned base pairs (PIDa) 
and overall identity (including indels) (PIDo). The phylogenetic rela-
tionship between Parvicapsula spp. was examined with an alignment 
of selected members of the Parvicapsula clade (Fiala, 2006) and related 
sequences from BLAST searches. Alignments from AlignX were man-
ually edited in GeneDoc; hypervariable or ambiguous regions were de-
leted from the alignment to ensure comparison of homologous positions. 
Phylogenetic analysis on the data sets were performed with PAUP* 
(4,OblO) (maximum likelihood [ML] , bootstrapped; 100 replicates), 
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TreePuzzle 5.0 (ML, quartet puzzling algorithm; 10,000 replicates) and 
MrBayes 3.1.2 (Bayesian inference) (107 generations). A Tamura-Nei 
gamma + pinvar (TNr + r + I) model of nucleotide substitution with 
a 6 category gamma distribution was used following the examination 
of the data set with the program MODELTEST (Posada and Crandall, 
1998). The PAUP maximum likelihood analysis used a heuristic search 
algorithm with 10 random sequence additions and tree-bisection-recon-
nection branch swapping. Phylogenetic trees were drawn using Tree-
View. 
DESCRIPTION 
Gadimyxa n. gen. 
Diagnosis: Plasmodia irregular elongate to spherical, bisporic, coe-
lozoic in urinary system of marine teleosts. Two morphological forms 
of spores found in renal tubules and urinary bladders. Both forms bi-
laterally symmetrical along sutural line. Youngest spore more or less 
semicircular in frontal or valvular view, elliptical in apical view, and 
more or less spherical in lateral view. Two spherical polar capsules a 
short distance from each other. Open anterior in sutural plane near mid-
dle of flat side of semicircular spore. Spindle-shaped thickening sur-
rounds polar capsules, follows sutural line and attenuates close to point-
ed ends of semicircular spore. Some or all wide spores gradually change 
from semicircular to elliptical or circular in frontal view. (Sub )spherical 
spores more smooth and thick-walled. Polar capsules of (sub)spherical 
spores increase in size and occur close to each other. Short spindle-
shaped thickening surrounds polar capsules along sutural line. Suture 
distinct at capsular side, indistinct posteriorly. Single sporoplasm, bi-
nucleate. Type species: Gadimyxa atlantica n. sp. 
Etymology: The generic name relates to the host family. 
Taxonomic affinities: The new genus is placed in the Parvicapsulidae. 
Gadimyxa atlantica n. sp. 
(Figs. 1, 4-9; Table I) 
Diagnosis: With characters of the genus. Plasmodia in renal tubules 
irregular; elongate with wide spores (Fig. 4). Immature spores in plas-
modia (Figs. 5, 6) semicircular in frontal view, elliptical in apical view. 
Number of coils of polar filaments unknown. Extruded polar filament 
typically 16-20 fJ-m long (dried stained smears), parallel or approaching 
each other. Slightly older spores with binucleate sporoplasm more 
rounded (Fig. 7). Older thick-walled spores subspherical. Oldest, thick-
walled spores somewhat angular (Figs. 8, 9). 
SSU rDNA sequences: Gadimyxa atlantica partial SSU rDNA se-
quences were first obtained from tetractinomyxon-infected Spirorbis sp. 
collected in July (Isolates Sp1607 and Sp2007) and September (Isolate 
SpSep) 2004 and from a recent infection in a SjJirorbis sp. collected 6 
May 2005 (Isolate SpNy). The same sequence were obtained from!l G. 
atlantica infected cod from northern 0resund (Isolate GmB) and 3 from 
western Norway (Isolates H71, H108, and SF2) and from 2 experimen-
tally infected cod (Isolates GmD and GmE). The sequences from these 
isolates are identical over 1306 nt, except 1 and 2 substitutions in GmB 
and Sp2007, respectively. These results strongly support conspecificity 
between the tetractinomyxon spores in Spirorbis sp. and the G. atlantica 
type myxospores in cod. 
Taxonomic summary . , 
Type host, vertebrate host: The myxospores develop in the Atlantic 
cod. 
Invertebrate host: The actinospores of the tetractinomyxon type de-
velop in the polychaete Spirorbis spp. (Spirorbidae). 
Type locality: The northern 0resund between Helsingpr and the is-
land of Ven, 15-20-m depth, Denmark, 55°58'N, 12°40'E. 
Site of infection: Coelozoic in the urinary system, both anterior and 
posterior kidneys and urinary bladder. 
Material deposited: Slides with stained spores are deposited in the 
Zoological Museum, Copenhagen, Denmark (no catalog no. assigned). 
Etymology: The specific name refers to the distribution of the species. 
Prevalence: About 10% of G. morhua, 21-45 cm long, from the 
0resund, Denmark; about 50% G. morhua, 28-76 cm long (n = 30) 
off the Norwegian west coast. 
Effect on host: The kidney tubules of heavily experimentally infected 
cod were dilated and the tubular epithelium flattened, but no detrimental 
effects were found in cod which had lost the infection. 
Gadimyxa sphaerica n. sp. 
(Fig. 2,10-15; Table I) 
Diagnosis: Description based on specimens from urinary system 
of naturally infected G. morhua from northern 0resund, Denmark. 
With characters of genus. Immature spherical plasmodia in kidney 
tubules and urinary bladder with wide spores (Fig. 10). Older spores 
in plasmodia semicircular in frontal view and elliptical in apical 
view with prominent sutural line in capsular end of spore (Figs. 10, 
11). Polar filaments not observed extruded, number of coils un-
known. Spherical spores with sutural line most distinct at capsular 
side (Figs. 13-15). 
Taxonomic summary 
Type host (vertebrate): The myxospores develop in the Atlantic cod. 
Invertebrate host: Unknown. 
Type locality: The northern 0resund between Helsingpr and the is-
land of Ven, 15-20-m depth, Denmark, 55°58'N, 12°40'E. 
Site of infection: Coelozoic in the urinary system, both anterior and 
posterior kidneys and urinary bladder. 
Material deposited: Slides with stained spores are deposited in the 
Zoological Museum, Copenhagen, Denmark (no catalog no. assigned). 
Etymology: The specific name refers to the shape of the thick-walled 
spores. 
Prevalence: About 30% of G. morhua, 21-45 cm long, from the 
0resund, Denmark. About 40% of G. morhua from off the Norwegian 
west coast (9/12 Gadimyxa infections examined with PCR). 
Effect on host: Apparently none. 
SSU rDNA sequences: Partial SSU rDNA sequences, assumed to be 
G. sphaerica, were obtained from 2 infected cod from 0resund (Iso-
lates GyI and GyII) and 2 cod from western Norway (Isolates 2903 
and M33). These differed at a maximum of 2 positions over 1316 nt. 
The putative G. sphaerica sequences differ from G. atlantica in 23 
substitutions and 2 characteristic inserts (TTATAA at 469-474 and 4 
i?p at ca. 506-509), hence showing 97.5% PIDo and 98.2% PIDa (po-
sitions with reference to the Isolate 2903 sequence, 1,316 nt com-
pared). 
Gadimyxa arctica n. sp. 
(Figs. 3, 16-20; Table I) 
Diagnosis: With characters of genus Plasmodia in renal tubules 
elongate to spherical .(Fig. 16). Spores semicircular in frontal view 
and elliptical in apicai view (Figs. 17-19). Other spores subspherical 
with larger polar capsules (Fig. 20). Number of coils unknown, no 
extruded filament seen. Wide and subspherical spores found in urinary 
bladder. 
Taxonomic summary 
Type host (vertebrate): The only known host is A. glacialis. 
Invertebrate host: Unknown. 
TYJ?e locality: Scoresby Sound, eastern Greenland, 71 °09'N, 24°57'W, 
485-m depth . 
Site of infection: Lumen of kidney tubules (both anterior and poste-
rior kidneys) and urinary bladder. 
Material deposited: Slides with stained spores are deposited in the 
Zoological Museum, Copenhagen, Denmark (no catalog. no. assigned). 
Etymology: The specific name refers to its Arctic distribution. 
Prevalence: Five of 75 (7%) and 1 of 5 specimens (20%) of A. 
glacialis from Scoresby Sound, eastern Greenland, and southern Baffin 
Bay, western Greenland, respectively. 
SSU rDNA sequences: Gadimyxa arctica partial SSU rDNA sequenc-
es were obtained from 2 infected A. glacialis from eastern Greenland 
(Isolates GmA [EUI63426] and GmC [EUI63427]) and 1 isolate from 
western Greenland (Isolate GavI [EUI63428]). These differed by 1 sub-
stitution (Gav-l). The G. arctica sequences show the TTATAA deletion 
of G. atlantica versus G. sphaerica. In addition, the C. arctica sequenc-
es differ from G. sphaerica in 26 substitutions, hence showing 97.6% 
PIDo and 98.0% PIDa (1,316 nt compared). Compared with the G. 
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FIGURES 1-2. Gadimyxa spp. (1) Gadimyxa atlantica n. sp. (2) Gadimyxa sphaerica n. sp. (A) Wide spore, frontal view. (B) Wide spore, 
apical view. (C) (Sub)spherical spore, frontal view. (D) (Sub)spherical spore, apical view. (E) (Sub)spherical spore, lateral view. Scale bar = 5 
fLID. 
• 
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FIGURE 3. Gadimyxa arctica n. sp. (A) Wide spore, frontal view. (B) Wide spore, apical view. (C) (Sub)spherical spore, frontal view. (D) 
(Sub)spherical spore, apical view. (E) (Sub)spherical spore, lateral view. Scale bar = 5 fLm. 
K01E ET AL.-GAOIMYXA SPP. FROM GADIDAE AND A TWO-HOST MARINE MYXOZOAN LIFE CYCLE 1463 
FIGURES 10-15. Gadimyxa sphaerica in Gadus morhua, natural infection, squash preparation of live specimens. Arrowheads indicate sutural 
line. (10) Plasmodia with immature, wide spores. (11) Plasmodium with wide spores, frontal and apical views. (12) Oblique apical view of wide 
spore close to a blood cell. (13) Plasmodium with wide and spherical spores. (14) Spherical spore, note binucleate sporoplasm. (15) Spherical 
spore. All to same scale. Scale bar = 5 fLm. 
atlantica sequences, G. arctica show 16 substitutions and a 4-bp insert; 
98.5% PIDo and 98.8% PIDa (1,310 nt compared). 
Remarks 
The plasmodia with immature spores of the 2 species in G. morhua 
differ in shape. Those of G. atlantica are elongate, whereas those of G. 
sphaerica are spherical. In addition, those of G. atlantica were only 
found in the kidney tubules, whereas those of G. sphaerica were found 
both in the kidney tubules and attached to the urinary bladder wall. The 
wide spores of the 2 species in G. morhua differ in size. The wide 
spores of G. sphaerica in G. morhua and of G. arctica in A. glacialis 
are very similar, but the thick-walled spores of the 2 species, including 
the polar capsules, differ in size. 
The phylogenetic position of Gadimyxa spp. based on partial SSU 
rDNA sequences is shown in Figure 22. They appear in a well supported 
clade, together with a core group of Parvicapsula spp., including the 
type species P. asymmetrica. On this basis, Gadimyxa spp. are placed 
in the Parvicapsulidae. Ortholinea, which possess spores similar to 
those of Gadimyxa spp., show only 56% PIDo and 73-74% PIDa with 
Gadimyxa spp. (GenBank sequence: Orthf1lfnea sp. AL-2006 ex Sigan-
us; DQ333433). 
Zschokkella hildae Auerbach, 1910 was the only other myxosporean 
species in the urinary system of G. morhua and A. glacialis. It often 
occurred in double infections with Gadimyxa spp. We did not get peR 
products from several Z. hildae samples tested with the primer combi-
nations used to amplify Gadimyxa spp. 
Experimental infections 
One specimen of 20 nonexposed specimens of G. morhua examined 
within 3 days after capture harbored a weak infection with G. atlantica, 
and 4 (20%) were infected with G. sphaerica. Two specimens of the 
20 exposed cod harbored wide and spherical spores of G. sphaerica 2 
and 4 wk PE. These naturally infected cod were excluded. The 2 cod 
examined at various times after initial exposure showed an identical 
development of the experimental infection. At 2 wk PE, no plasmodia 
were found in the urinary system. At 4 wk PE, irregular plasmodia (Fig. 
4) and a few plasmodia with spores of G. atlantica were found in the 
kidney tubules; at 8 wk PE, plasmodia with wide spores were abundant 
in the lumen (Figs. 5, 6). A few spores were found in the urinary 
bladder. Then, after 12 wk PE, plasmodia with subspherical binucleate 
spores and more thick-walled spores with larger polar capsules (Figs. 
8, 9) occurred in the lumen of renal tubules, in addition to numerous 
free thick-walled spores (Fig. 9). After 4 mo, the number of plasmodia 
in the kidney tubules had decreased, and very few plasmodia and free 
thick-walled spores were found in the kidney tubules. None was found 
in the urinary bladder. When the last 8 cod were examined at 5 mo PE, 
only I harbored a few plasmodia and spores in the kidney tubules; the 
remaining 7 were without any visible sign of parasites. None of the 20 
unexposed control cod was infected with Gadimyxa sp. when examined 
after 5 mo. The renal tubules appeared healthy. 
About 20% of the large mature Spirorbis spp. (>2.5 mm in diameter) 
were infected with actinospores in September 2006. The newly settled 
worms « I mm in diameter) were not infected (50 specimens examined 
FIGURES 4-9. Gadimyxa atlantica in Gadus morhua, squash preparation of live specimens. Four- to 12-wk-old experimental infections. Ar-
rowheads indicate sutural line. (4) Plasmodia with immature spores in renal tubule. (5) Plasmodium with wide spores, frontal view. (6) Wide 
spore, oblique apical view. (7) Plasmodium with older spores, note binucleate sporoplasm. (8) Plasmodium with thick-walled, (sub)spherical 
spores, shown in frontal and lateral views. (9) Kidney tubule with (sub)spherical spores, 12-wk PE. Figures 4-8 to same scale. Scale bars = 5 
fLm. 
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FIGURES 16-20. Gadimyxa arctica in Arctogadus glacialis, natural infection, squash preparation of frozen specimens. Arrowheads indicate 
sutural line. (16) Kidney tubule with plasmodia. (17, 18) Wide spores, frontal views. (19) Wide spore, apical view. (20) Oblique apical view of 
(sub)spherical spore. Figures 17-20 to same scale. Scale bars = 5 f.Lm. 
of each age group). Five months after initial exposure 100% of the 
Spirorbis spp. were infected including the small worms that now were 
mature (100 specimens examined). After 5 mo without contact with G. 
morhua, about 10% of the Spirorbis spp. were infected. Most of the 
large specimens were dead, and about 5% of the youngest specimens 
were infected (50 specimens of each age group examined). The pro-
posed life cycle is shown in Figure 21. 
DISCUSSION 
The new genus Gadimyxa can be distinguished from all pre-
viously described genera by the morphology of the spores. It 
has not previously been observed that a myxozoan species may 
have 2 morphological spore forms. Both forms are found in the 
renal tubules and the urinary bladder. The wide spores are more 
common than the (sub)spherical spores. It is unknown whether 
the wide spores are immature spores, but their occurrence in 
the urinary bladder indicates that they are released into the wa-
ter. The thick-walled, subspherical spores of G. atlantica were 
probably responsible for the 100% infection of the thousands 
of exposed specimens of Spirorbis sp. The experimentally ex-
posed cod also harbored wide spores, but these disappeared 
within a few weeks. If both forms of spores are infective to' the 
polychaete hosts it is likely that the thick-walled, (sub)spherical 
spores act as resistant spores, which may have a long life span 
in the sea, whereas the thin-walled, wide spores may have a 
more limited life span in the water. This morphological change 
of spores from being wide to (sub)spherical has not been seen 
before among myxozoans. • ' 
The (sub )spherical forms of the new species of Gadimyxa 
is most similar to myxospores of Ortholinea sp. Shulman, 
1962, which also occurs coelozoic in the urinary system of 
marine fish (Lom and Dykova, 2006). In Ortholinea sp., how-
ever, the subspherical to pyriform polar capsules open laterally 
in the sutural plane, whereas the spherical polar capsules of 
the Gadimyxa spp. open close to each other apically in the 
sutural plane. Gadimyxa spp. are also distinguished by the 
particular spore dimorphy and by disporic rather than polys-
poric (in Ortholinea) plasmodia. Finally, Gadimyxa spp. clear-
ly differs from Ortholinea sp. AL-2006, the only species from 
that genus from which 18S sequence information is available 
in GenBank. 
Although the establishment of Gadimyxa n. gen. on a mor-
phological basis is not problematic due to its unique spore 
structure and development, the placement among Parvicapsula 
spp. based on the SSU rDNA sequences seems to require fur-
ther subdivision of that genus. Of those species sequenced, the 
morphology of the spores in both P. minibicornis and P. bi-
cornis deviate from the typical Parvicapsula type (P. asym-
metrica, P. limandae, P. pseudobranchicola, and P. unicornis; 
core-group). These now appear as basal parvicapsulids in the 
SSU rDNA trees, and they may warrant generic distinction from 
Parvicapsula spp. in a restricted sense. Although P. spinachiae 
also possess a morphology deviating from that of the core group 
of Parvicapsula spp., P. kabatai exhibit very typical Parvicap-
sula spp. spores. The latter species, however, differs in its po-
lysporic development (Jones et aI., 2006). Therefore, the dis-
covery of Gadimyxa spp. necessitates a revision of Parvicap-
sulidae and Parvicapsula spp. Many genera of Myxosporea 
need to be revised, because the classification based on myxo-
spore morphology often disagrees with molecular data, e.g., 
Myxidium, Zschokkella, Ceratomyxa (see Fiala, 2006). How-
ever, sequence information is still lacking for many genera, and 
important generic types. Sequence information from Parvicap-
sula asymmetrica, the type species of Parvicapsula, is also 
needed from the type host Cyclopterus lump us from the White 
Sea (type locality), because the presence of several parvicap-
sulids in a host cannot be excluded, e.g., G. atlantica and G. 
sphiierica in cod and P. minibicornis and P. kabatai in Oncor-
hynchus gorbuscha. For these reasons, we consider it premature 
to declare the basal Parvicapsula spp. incertae sedis, a major 
revision based on a broader range of myxosporeans from the 
marine group is needed. 
Two of the new species of Gadimyxa differ from each other 
in size and shape, and they have different hosts and geograph-
ical distributions. The new genus is only recorded in the Gad-
idae. Both the prevalence of the myxosporean stages of G. 
atlantica in the fish host and the prevalence of the actinos-
pores in the polychaete final host increased when the cod and 
polychaete were exposed to each other. The experimental in-
fections indicated that the infection of G. atlantica in G. mor-
hua has a limited life span, apparently <5 mo. The exposed 
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FIGURE 21. Schematic illustration of the life cycle of Gadimyxa at-
lantica n. sp. The polychaete Spirorbis spp. act as the invertebrate or 
final hosts and the Atlantic cod, Gadus morrhua, act as the fish host. 
(A) Pansporocyst with 8 actinospores. (B) Actinospores. (C) Subspher-
ical, thick-walled and wide, thin-walled myxospores. Not to scale. 
cod did not continuously become infected, and when the in-
fection had disappeared, the cod were not immediately rein-
fected. The possible detrimental effect observed on the kidney 
tubuli seems to be transient, because all exposed specimens, 
of which at least some must have lost the infection, had 
healthy kidney tubules. 
The identical partial SSU rDNA sequences confirmed that 
the actinospores in Spirorbis spp. from l6-m depth are con-
specific with the myxospores of G. atlantica in G. morhua. In 
Danish waters, actinospores of the tetractinomyxon type have, 
in addition, been found in Hydroides norvegica (unknown), in 
Nereis spp. (Ellipsomyxa gobii K!/lie, 2003), and in unidenti-
fied spionids (unknown) (K!/lie, 2002, 2005; K!/lie et aI., 2004). 
Actinospores of the same type have been found in a sipunculid 
worm (unknown) and in the freshwater polychaete Manayun-
kia speciosa Leidy (Ceratomyxa shasta Noble, 1950 and Parv-
icapsula minibico;nis Kent, Whitaker et Dawe, 1997) (Ikeda, 
1912; Bartholomew et aI., 1997, 2006). Actinospores of the 
tetractinomyxon type are very similar and without features 
suitable for taxonomic use, whereas the corresponding myxo-
spores show great morphological variations and belong to at 
least 3 families. 
The present actinosporean stages were described from Spi-
rorbis spirorbis (L.) (K!/lie, 2002). However, reexamination of 
the polychaetes showed that both S. inornatus L'Hardy et Quie-
vreux, S. tridentatus (Levinsen), S. corallinae De Silva et 
Knight-Jones, and S. spirorbis from a depth of 16 m were in-
fected with the actinospores of G. atlantica. This shows that G. 
atlantica is not species specific with regard to the actinosporean 
stages, but it is unknown whether G. atlantica may use other 
genera as invertebrate hosts. This is the second myxozoan 2-
host life cycle in the marine environment. The first 2-host ma-
rine myxozoan life cycle known includes the polychaete Nereis 
spp. and a gobiid fish (K!/lie et aI., 2004). 
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FIGURE 22. Phylogenetic position of Gadimyxa spp. among other parvicapsulids. ML distance tree, based on alignment of SSU rDNA sequences 
from 15 taxa with 1,013 characters (635 constant), constructed using PAUP 4.0blO. Rooted with Ellipsomyxa gobii. Support values at nodes; ML 
bootstrap (PAUP): quartet puzzling (QP) support values (SV): MrBayes posterior probabilities. Only support values above 50%/0.50 shown. The 
QP tree differed in topology by grouping P. minibicornis and P. bicornis (SV 77) as a sister group to the other Parvicapsulidae. Bar = 0.1 
substitutions/site. 
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REDESCRIPTION OF ASCOCOTYLE (ASCOCOTYLE) FELIPPEI TRAVASSOS, 1928 
(DIGENEA: HETEROPHIYDAE) WITH NEW SYNONYMIES 
Claudia Portes Santos, Susana Balmant Emerique Simoes, Helene Santos Barbosa*, and Tomas Scholzt:j: 
Laborat6rio de Avaliag30 e Promog3o da Saude Ambiental, Departamento de Biologia, Instituto Oswaldo Cruz, Fundag30 Oswaldo Cruz, Av. 
Brasil 4365, Rio de Janeiro, 21040-900, Brazil. e-mail: cpsantos@ioc.fiocruz.br 
ABSTRACT: The heterophyid trematode Ascocotyle (Ascocotyle) Jelippei Travassos, 1928, is redescribed and new data on its life 
cycle are provided, based on types and metacercariae found in the heart bulb and gills of naturally infected guppies, Poecilia 
vivipara (new fish intermediate host), from a coastal lagoon in Rio de Janeiro, Brazil. Examination of the type and all voucher 
specimens of A. (A.) Jelippei collected by Travassos in the type host and locality in Brazil has shown that they possess only 32 
(16 + 16) circumoral spines, rather than 36 (18 + 18) spines as previously reported, Based on the identical number and 
arrangement of circumoral spines, shape of the body, the presence of a long preoral lobe and posterior muscular prolongation of 
the oral sucker, short and wide ceca, a simple gonotyl lacking refractile bodies, and the site of infection of metacercariae 
(predominantly heart bulb), A, (A,) puertoricensis Price, 1932 and A. (A,) tenuicollis Price, 1935, are proposed as new synonyms 
of A, (A,) Jelippei. 
Examination of poeciliid fish from a coastal lagoon in Rio 
de Janeiro, Brazil, revealed the presence of metacercariae of a 
species of the heterophyid, Ascocotyle Looss, 1899, Trematodes 
found encysted in the heart bulb and gills were identified as 
Ascocotyle (Ascocotyle) Jelippei Travassos, 1928, on the basis 
of the presence of a tear-shaped body, long preoral lobe and 
posterior muscular appendage of the oral sucker, short and wide 
intestinal ceca ending far anterior to the ventral sucker, and a 
simple gonotyl. 
Species identification of the metacercariae was confirmed by 
a study of specimens of A. (A.) Jelippei collected by Lauro 
Travassos in the intestine of least-bittern Ixobrychus exilis 
(Gmelin) (syn, Ardetta erythromelas (Vieill.)) in Rio de Janeiro, 
Brazil (Travassos, I 928a, 1930). This comparison also showed 
that the original description of the species (Travassos, 1928a) 
was incorrect in some morphological characteristics, i.e., the 
number of circumoral spines, which is crucial for identification 
of Ascocotyle species (Burton, 1958; Scholz et aI., 200 I), and 
the length and course of the intestinal ceca. 
Therefore, the species is redescribed on the basis of exami-
nation of type and voucher specimens deposited in the Helmin-
thological Collection of the Instituto Oswaldo Cruz (CHIOC), 
Rio de Janeiro, Brazil. The present paper also provides new 
data on the second (fish) intermediate host of this trematode, 
and morphology of the metacercaria and its surface ultrastruc-
ture observed using scanning electron microscopy (SEM). In 
addition, the taxonomic status of A. (A.) puertoricensis Price, 
1932 and A. (A.) tenuicollis 1935 is discussed. 
MATERIALS AND METHODS 
. ' 
Metacercariae were found mainly in the heart bulb and, more rarely, 
in the gills and mesentery of Poecilia vivipara Bloch and Schneider, 
1801 (Cyprinodontiformes: Poeciliidae) from Rodrigo de Freitas La-
goon in Rio de Janeiro, Brazil (22°57'02"S, 43°11'09"W) in 2004 and 
2005. They were isolated, excysted mechanically by needles, and stud-
ied with the use of light microscopy. Some larval stages were studied 
live and unstained. Semipermanent slides were prepared in glycerine 
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jelly (Moravec, 1994) and glycerine:picric acid (Ergens, 1969); others 
were fixed with 70% alcohol or AFA, stained in Gomori's trichrome or 
hydrochloric acid carmine, cleared in beechwood creosote, and mounted 
in Canada balsam. Drawings were made with a drawing attachment. 
Measurements are presented in micrometers as the range, with the mean 
in parentheses. For scanning electron microscopy (SEM), metacercariae 
were prepared following Simoes et al. (2006). 
Videomicroscopy of excysted metacercaria was performed with the 
use of a Nikon microscope and the images were captured with the aid 
of a video camera Hitachi HV-C20 3CCD; the conversion was made 
with Adobe premiere 6.5, in the Laborat6rio de Prodw;:ao e Tratamento 
de Imagens do Instituto Oswaldo Cruz. The video is available as sup-
plemental material. 
Specimens of the present material are deposited in the Helminthol-
ogical Collection of the Oswaldo Cruz Institute (CHIOC No. 36557 
a-b). The following specimens of A. (A.)Jelippei collected by Travassos 
in the intestine of least-bittern in 1921 were studied: CHIOC Nos. 2621 
(holotype), 2622, 2623, 2625, 2627, and 2629. In addition, the holotype 
(U.S. National Parasite Collection, Beltsville, Maryland acronym 
USNPC No, 40159), 3 paratypes (The Natural History Museum, Lon-
don, U.K. BMNH No. 1935,7.5.2) and 11 vouchers (USNPC No. 
40160) of A. (A.) puertoricensis Price, 1932 from Butorides sp., May-
aguez, Puerto Rico, and the holotype (USNPC No, 40161) and I para-
type (USNPC No, 40162) of A. (A.) tenuicollis Price, 1935 from Bo-
taurus lentiginosus (= B. pinnatus) from Texas, were studied (for other 
type and voucher specimens of species of the Ascocotyle complex stud-
ied previously, see Scholz et aI., 1997,2001). Names of hosts are based 
on the Comite Brasileiro de Registros Ornitol6gicos (2006), Froese and 
Pauly (2006), and Remsen et aL (2007). 
REDESCRIPTION 
Ascocotyle (Ascocotyle) felippei Travassos, 1928 
(Figs. 1-11) 
Aqult (Figs. 1-5; based on 21 specimens, including the ho-
lotype. Measurements in Table I): Body tear-shaped, with max-
imum width at ovarian level (Figs. I, 3, 5). Body entirely spi-
nose. Remnants of eyespot pigment dispersed between pharyn-
geal and cecal levels. Conical preoral lobe well developed; oral 
sucker subterminal, invariably with 32 circumoral spines ar-
ranged in 2 complete rows of 16 spines each; spines in posterior 
circlet smaller than those in anterior one (Figs. 2, 4). Posterior 
muscular prolongation of oral sucker very long, reaching almost 
to pharynx or even ceca. Ventral sucker oval, slightly post-
equatorial. Prepharynx long; pharynx strongly muscular, oval; 
esophagus very short or absent. Intestinal ceca very short, wide, 
terminating anterior to ventral sucker. Testes symmetrical, oval, 
close to posterior extremity. Seminal vesicle saccular, subme-
dian (sinistral) or posterolateral to ventral sucker. Genital sac 
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FIGURES 1-5. Ascocotyle (A.) Jelippei Travassos, 1928. Adults from the intestine of Ixobrychus exilis. Rio de Janeiro, Brazil. (I-Ho1otype 
CHlOC 2621; 2, 3, 4-voucher CHlOC 2627; 5-voucher CHIOC2623). (I) Holotype. Entire worm, ventral. (3) Entire worm, ventral. (2-4) 
Detail of oral suckers with double crown of spines. (5) Entire worm, dorsal. Scale bars: Figures 1, 3, 5 = 100 fLm; Figures. 2, 4 = 50 fLm. 
anterosinistral to ventral sucker, with slit-like opening; gonotyl 
a simple muscular pad, situated anterolateral (sinistral) to ven-
tral sucker, without digitiform pockets (refractile bodies). Ovary 
round to oval, anterior to right testi~.' Seminal receptacle volu-
minous, round to widely oval, pretesticular or slightly subme-
dian (dextral). Vitellarium composed of 2 long lateral bands of 
large, irregularly shaped follicles situated between acetabular 
and posttesticular level. Uterus forming numerous loops, filling 
most space between intestinal ceca and posterior extremity. 
Eggs numerous, operculate. Excretory vesicle Y-shaped, with 
pretesticular lateral branches. Excretory pore dorsal, slightly 
subterminal. 
Metacercaria (Figs. 6-10; based on 10 larvae from naturally 
infected P. vivipara. Measurements in Table I): Cyst oval to 
round, with smooth surface, thin-walled (Fig. 6). Body of ex-
cysted metacercaria tear-shaped; tegument fully spinose (Figs. 
7, 8). Remnants of eye spot pigments scattered along pharynx 
and ceca (Fig. 7). Oral sucker subterminal, with dorsal conical 
preoral lobe (Figs. 8-10). Circumoral spines in 2 complete rows 
0(.16 spines (32 in total); spines in posterior circlet smaller 
than those in anterior one (Figs. 8, 10). Posterior prolongation 
of oral sucker long, dorsal. Ventral sucker round, postequatorial. 
Prepharynx long; pharynx muscular, oval; esophagus short or 
absent. Intestinal ceca short, wide, anterior to ventral sucker, 
filled with discoid corpuscles. Testes symmetrical, near poste-
rior extremity. Genital sac anterosinistral to ventral sucker, gon-
otyl inconspicuous. Ovary oval, dextral, pretesticular. Excretory 
vesicle Y-shaped, with pretesticular lateral branches; excretory 
pore dorsal, slightly subterminal. 
Taxonomic summary 
Synonyms: Ascocotyle (A.) puertoricensis Price, 1932 and A. 
(A.) tenuicollis Price, 1935 n. syns. 
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FIGURES 6-8. Ascocotyle (A.)felippei. Metacercariae from the heart bulb of Poecilia vivipara, Rio de Janeiro, Brazil. (6) Encysted metacercaria. 
(7) Excysted metacercaria. Entire worm. (8) Anterior end with circumoral spines. Scale bars: Figures 6-8 = 10 fLm. 
Type host: Ixobrychus exilis (Gmelin) (syn. A. erythromelas 
(Vieill.» (Ciconiiformes: Ardeidae). .' 
Other definitive hosts: Reported: (1) as A. (A.) Jelippei; (2) 
as A. (A.) puertoricensis n. syn.; and (3) as A. (A.) tenuicollis 
n. syn. (see Discussion): Ardea alba L. (syn. Casmerodius al-
bus) (3), A. candiclissuira (L.) (?, 1), A. herodias (L.) (3), and 
Botaurus pinnatus (Wagler) (3); Butorides striata (L.) (3), B. 
virescens (L.), and Butorides sp. (2); Egretta caerulea (L.) (syn. 
Florida caerulea) (1, 3), E. thula (Molina), and E. tricolor 
(Muller) (syn. Hydranassa tricolor) (3); Ixobrychus involucris 
(Vieillot) (3) and Nycticorax nycticorax (L.) (3) (Ciconiiformes: 
Ardeidae); Phalacrocorax brasilianus (Gmelin, 1789) (syn. P. 
olivaceus and P. vigua) (1, 3) (Pelecaniformes: Phalacrocora-
cidae); Buteogallus anthracinus (Deppe) (3) (Falconiformes: 
Accipitridae). We consider the record of A. (A.) Jelippei in the 
pensuin Spheniscus magellanicus Boero et aI. (1972) to be 
doubtful. 
Site: Intestine. 
Type locality: Angra dos Reis, State of Rio de Janeiro, Brazil. 
Second intermediate hosts: Poecilia vivipara (new host rec-
ord). The following records are from A. (A.) tenuicollis n. syn. 
(see Discussion): Cyprinodon variegates Lacepede (Cyprino-
dontiformes: Cyprinodontidae); Fundulus heteroclitus (L.) (Cy-
prinodontiformes: Fundulidae); Cnesterodon decemmaculatus 
(Jenyns), Gambusia sp., P. catemaconis Miller, P. latipunctata 
Meek, P. mexicana Steindachner, P. petenensis (Gunther), P. 
velifera (Regan), Poeciliopsis catemaco Miller, Phalloceros 
caudimaculatus (Hensel), Mollieniesia sp. (Cyprinodonti-
formes: Poeciliidae); AstyanaxJasciatus (Cuvier), Bramocharax 
caballeroi Contreras-Balderas and Rivera-Teillery (Characi-
SANTOS ET AL.- REDESCRIPTION OF ASCOCOTYLE(A.) FELIPPEI 1471 
FIGURES 9-10. Ascocotyle (A.) jelippei. Micrographs of metacercariae from the heart bulb of Poecilia vivipara. (9) Oral sucker with preoral 
lobe and double crown of spines, ventral view. (10) Oral sucker and crowns of spines, apical view. Scale bars: Figures 9, 10 = 10 fLID. 
formes: Characidae); Lepomis gulosus (Cuvier) (syn. Chaenob-
ryttus coronarius (Bartram» (Perciformes: Centrarchidae); 
Cichlasoma argentea Allgayer, C. aureum (Gunther), C. Jenes-
tratum (Gunther), C. Jriedrichstahli (Heckel), C. geddesi (Re-
gan), C. helleri (Steindachner), C. intermedium (Gunther), C. 
lentiginosum (Steindachner), C. maculicauda Regan, C. mana-
guense (Gunther), C. nourissati (Allgayer), C. octoJasciatum 
(Regan), C. pearsei (Hubbs), C. salvini (Gunther), C. synspilum 
Hubbs, C. urophthalmus (Gunther), Cichlasoma sp., Petenia 
splendida (Gunther) (Perciformes: Cichlidae); Ophisternon 
aenigmaticum Rosen and Greenwood (Synbrachiformes: Syn-
brachidae). 
Site oj injection: Heart bulb, occasionally gills and mesentery 
of fishes. 
Geographical distribution: Brazil, Argentina, Mexico,-Nica-
ragua, United States. 
ReJerences: Travassos (1928a, 1930), Price (1935), Burton 
(1958), Travassos et a1. (1969), Yamaguti (1971), Ostrowski de 
Nunez (1974, 1976), Scholz et a1. (1995, 1997,2001), Coleman 
(1993), Aguirre-Macedo and Garcia-Magana (1994), Salgado-
Maldonado et a1. (1997), Scholz and Vargas-Vazquez (1998), 
Digiani (2000), Aguirre-Macedo et ~1. (2001), Vidal-Martinez 
et a1. (2001), Forrester and Spalding (2003), Hicks and Steele 
(2003), and Thatcher (2006). 
Deposition oj types: Holotype of A. (A.) Jelippei in CHIOC 
(No. 2621). 
Remarks 
During a survey of helminths of lxobrychus exilis (Gmelin) 
(syn. A. erythromelas (Vieil1.», Travassos collected numerous 
species of Ascocotyle Looss, 1899, which he mounted altogeth-
er on permanent slides and deposited at the Helminthological 
Collection of Instituto Os waldo Cruz (CHIOC). Based on this 
sample, Travassos (1928a, 1928b) described A. (A.) Jelippei, A. 
(Phagicola) angeloi, and A. (P.) pindoramensis. Although the 
labels refer to their status as type or voucher specimens, they 
were not separately assigned on the slides. 
The holotype of A. (A.) Jelippei has not been designated by 
Travassos (1928a). However, it can be deduced from the figure 
of the species in Travassos (1930, Fig. 4), as well as notes in 
the protocols to the specimens deposited in the helminthological 
collection (CHIOC), that the specimen on the slide CHIOC 
2621 should be considered the holotype. Unfortunately, this 
specimen lacks circumoral spines, but it is otherwise morpho-
logically identical to other specimens of A. (A.) Jelippei on the 
same slide, as well as others from the original collection of 
Lauro Travassos. 
Ascocotyle (A.) Jelippei was originally described with 2 rows 
of 18 circumoral spines (36 spines in total). Even though the 
spines may be difficult to count, with some spines missing due 
to post-mortem decomposition of the tegument, the number we 
counted in 34 specimens on 4 slides of A. (A .) Jelippei was 32, 
arranged in 2 complete circles of 16 spines each. None of the 
specimens possessed 18 + 18 = 36 spines as described by 
Tiavassos (1928a). 
Consequently, Ascocotyle (A.) Jelippei has the identical num-
ber of circumoral spines as several taxa of the genus described 
from fish-eating birds in the western hemisphere, namely, A. 
(A.) puertoricensis Price, 1932, A. (A.) tenuicollis Price, 1935, 
A. (A.) secunda Ostrowski de Nunez, 2001, and A. (A .) tertia 
Ostrowski de Nunez, 2001 (Price, 1932, 1935; Burton, 1958; 
Ostrowski de Nunez, 1974,2001; Scholz et aI. , 2001). The geo-
graphical distribution of the 2 other species possessing 32 cir-
cumoral spines is rather different: Ascocotyle (A.) coleostoma 
(Looss, 1896) was described from Egypt and later reported 
from Iraq, Italy, Russia, Azerbaijan, and Thrkmenistan (By-
khovskaya-Pavlovskaya, 1962; Ibragimov, 1988; Seidli , 1990; 
Mhaisen and Abus-Eis, 1992; Mhaisen and Khanees, 1995; 
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FIGURE II. Ascocotyle (A.) Jelippei. Sequence of movements of metacercariae from Poecilia vivipara, Rio de Janeiro, Brazil, with changes in 
the body shape. Scale bar = 100 fLm. 
Garippa et aI., 1996; Canaris and GardJ;ll~r, 2002); A. (A,) bran-
chialis Timon-David, 1961 was described from France (Timon-
David, 1961; Timon-David and Timon-David, 1966) and is con-
sidered in the Fauna Europaea Web Service (2004) to be species 
inquirenda, 
Ascocotyle (A.) puertoricensis was briefly described in an 
abstract by Price (1932), based on specimens collected from 
Butorides sp. from Puerto Rico. Price (1935) reported a detailed 
description of the species and, in the same paper, he described 
A. (A.) tenuicollis. According to Price (1935), A. (A.) puerto-
ricensis differed from A. (A.) Jelippei only in the number of 
spines and from A. (A.) tenuicollis in its smaller size, extent of 
vitelline follicles, and of the posterior prolongation of the oral 
sucker and position of testes. 
Specimens of A. (A.) tenuicollis and A. (A.) puertoricensis, 
including their holotypes and paratypes, were examined by one 
of the present authors (T. Scholz). Comparison of both the type 
specimens of A. (A.) tenuicollis (holotype and 1 paratype, i.e., 
USNPC Nos. 40161 and 40162) (Figs. 16-17), a species de-
scribed from the intestine of Botaurus pinnatus in Texas, with 
the holotype and vouchers of A. (A.) Jelippei from the type host 
and locality (Figs. 1, 3, 5), has demonstrated that both the taxa 
are identical in all morphological characteristics previously 
used to differentiate species of the Ascocotyle complex, i.e., the 
overall shape (elongate tear-shaped in A. (A.) tenuicollis and A. 
(A.) Jelippei) and size of the body, the presence of a prominent 
preoral lobe, long posterior muscular prolongation of the oral 
sucker, very short and wide intestinal ceca, similar distribution 
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TABLE 1. Measurements of Ascocotyle (A.) Jelippei. 
Species 
Ascocotyle (A.) Jelippei Travassos, 1928 
References 
Host 
Holotype 
CHlOC 2621a 
Ixobrychus exilis 
Present data-Adults 
CHlOC 2623, 2627, 2629a 
Ixobrychus exilis 
Present data-Metacercaria 
Poecilia vivipara 
(syn. Ardetta erythromelas) (syn. Ardetta erythromelas) 
Balsam GAP Fixative 
Body 
Balsam 
503 X 161 
34 X 63 
361-655 x 123-218 (486 x 184) 380-721 X 133 X 237 (564 X 193) 
Oral sucker 
External spines 
Internal spines 
27-62 x 39-85 (44 x 66) 
16-21 (18) 
27-55 X 55-80 (39 X 65) 
14-16 (15) 
25 
71 
14-18 (16) 
18-36 (24) 
62-115 (84) 
11-14 (13) 
23-46 (30) 
46-115 (77) 
Preoral lobe (lengtb) 
Posterior prolongation 
Ventral sucker 
Sucker ratio 
Prepharynx 
Pharynx 
Esophagus 
39 X 46 
1:0.73 
115 
36 X 34 
7 
34-50 X 34-62 (45 x 49) 
1:0.56-0.96 (1:0.72) 
71-133 X (103) 
32-50 X 23-46 (44 X 34) 
2-9 (4) 
48-62 X 46-60 (52 X 51) 
1:0.7-0.9 (0.8) 
115-172 (145) 
32-50 X 25-46 (44 X 38) 
4-23 (10) 
Testes 
Gonotyl 
Ovary 
Seminal receptacle 
Vitellaria 
50 X 50 
17 X 35 
46 X 46 
34 X 46 
8-9 follicles 
29-69 X 41-73 (38 X 55) 
11-23 (19) X 21-36 (30) 
21-60 X 34-55 (41 X 46) 
25-48 X 34-60 (32 X 43) 
7-11 follicles 
25-64 X 29-66 (46-48) 
16-23 X 25-34 (19-29) 
18-29 X 29-29 (24 X 29) 
Eggs 18 X 9-11 (18 X 10) 18-21 X 9-11 (18 X 10) 
Cyst of metacercaria 
and size of vitelline follicles, the presence of a very simple, 
padlike gonotyl lacking any refractile bodies, etc. (Travassos, 
1928a, 1928b, 1930; Price, 1935; Burton, 1958; Travassos et 
aI., 1969; Ostrowski de Nunez, 1974; Scholz et al., 1995, 1997, 
2001; present study). On the basis of this similarity in all tax-
onomically important features and considering the identical 
morphology of thin-walled, oval metacercariae cysts, and their 
site of infection within fish intermediate hosts (heart bulb, rarely 
on the gills, and in mesenteries; see Scholz et al., 1997), A. (A.) 
tenuicollis is considered a junior synonym of A. (A.) Jelippei. 
The examination of all available specimens of A. (A.) puer-
toricensis collected by Price (1932), including the holotype, 
paratype, and vouchers (USNPC 40159, 40160; BMNH 
1935.7.5.2) (Figs. 12-15), has revealed that this taxon is also 
identical in all but 1 morphological characteristic with A. (A.) 
Jelippei and A. (A.) tenuicollis, considered here to be conspe-
cific. Adults of the former taxon have not been found since the 
original description and its metacer~ariae are unknown. Asco-
cotyle (A.) puertoricensis slightly differs from A. (A.) tenuicollis 
and most A. (A.) Jelippei in that it possesses a flask-shaped 
body, and is shorter and wider than both of the taxa listed 
above. However, the body of species of Ascocotyle may vary 
in shape depending on the state in which the trematodes were 
fixed. Dead specimens are usually relaxed and extended, where-
as those fixed with cold fixative may be unnaturally contracted. 
The latter case seems to true for A. (A.) puertoricensis worms 
described by Price (1932). This assumption is also supported 
by the fact that the slides with A. (A.) Jelippei specimens col-
lected by Travassos (1928) also contain several worms with an 
attenuated anterior part and a wide, short posterior part of the 
body. Additionally the photomicrographs taken from alive 
161-250 X 114-200 (219 X 164) 
metacercariae show differences in the body shape during nat-
ural movement showing that at times the body shape appears 
identical to the specimens of Price (1932) (Fig. 11). Therefore, 
A. (A.) puertoricensis is also considered to be conspecific with 
the 2 former taxa and thus becomes another synonym of A. (A.) 
Jelippei. 
Ostrowski de Nunez (2001) described A. secunda and A. ter-
tia based on adults obtained experimentally from chicks in-
fected with heart bulbs of the fishes Gambusia affinis (Baird 
and Girard), Jeny'nsea lineata (Jenyns), and Cnesterodon de-
cemmaculatus. These sibling species are indistinguishable con-
sidering gross morphology, with some differences based on sta-
tistical analysis of some measurements, morphology of larval 
stages (cercariae and metacercariae), and spectrum of fish in-
termediate hosts (Ostrowski de Nunez, 2001). Considering their 
number of oral spines and their short ceca A. secunda and A. 
te,:tia are closely related to A. (A.) tenuicollis and A. (A.) puer-
toricensis, here considered as new synonyms of A. (A.) Jelippei. 
Despite a close morphological similarity of these 2 taxa 
erected by Ostrowski de Nunez (2001), they are retained as 
valid because A. (A.) secunda has a gonotyl with 9 papillae 
containing refractive bodies and metacercariae cysts are thick 
walled, whereas A. (A.) tertia possesses a foliaceous gonotyl 
with 10 papillae containing refractive bodies, and thus differs 
from A. (A.) Jelippei. 
Metacercariae of A. Jelippei were observed for the first time 
in the present study. Their site of infection (heart, exceptionally 
gill arches) is identical to that of the 32-spined Ascocotyle taxa, 
the metacercariae of which occur frequently in the heart bulb. 
The nominotypical subgenus, Ascocotyle (sensu Sogandares-
Bernal and Lumsden, 1963), which is characterized by pos-
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FIGURES 12-15. Ascocotyle (A.) puertoricensis Price, 1932. Adults from the intestine of Butorides sp., Mayaguez, Puerto Rico (12, 13-
Holotype USNPC 40159; 14, IS-vouchers USNPC 40160). 
FIGURES 16-17. Ascocotyle (A.) tenuicollis Price, 1935. Adults from Botaurus pinnatus, Texas (16, 17-Holotype, USNPC 40161). (12, IS, 
17) Entire worm, ventral view (medium region of the hindbody filled with eggs-stippled). (13, 14, 16) Anterior end with circumoral spines 
(spines of the posterior circle stippled). Scale bars: Figures 12, 15, 17 = 100 11m; Figures 13, 14, 16 = 50 [Lill . 
. ' 
sessing the vitellarium extending to the acetabulum, 2 complete 
rows of circumoral spines, and parapleurolophocercous cercar-
iae, is now composed of the following species: A. (A.) coleo-
stoma (type species); A. (A.) branchialis; A. (A.) leighi Burton, 
1956; A. (A.) gemina Font, Overstreet, and Heard, 1984; A. (A.) 
sexidigita Martin and Seele, 1970; A. (A.) pachycystis Schroe-
der and Leigh, 1965; A. (A.) paratenuicollis Nasir, Lemus de 
Guevara and Diaz, 1970; A. (A.) secunda; A. (A.) tertia; and A. 
(A.) Jelippei (new synonyms A. (A.) puertoricensis and A. (A.) 
tenuicollis ). 
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A NEW RHABDITOID NEMATODE SPECIES IN ASIAN SCIURIDS, DISTINCT FROM 
STRONGYLOIDES ROBUSTUS IN NORTH AMERICAN SCIURIDS 
Hiroshi Sato*, Harumi Toriit, Yumi Une:j:, and Hong-Kean Ooi§ 
Laboratory of Veterinary Parasitology, Faculty of Agriculture, Yamaguchi University, 1677-1 Yoshida, Yamaguchi 753-8515, Japan. 
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ABSTRACT: Strongyloides callosciureus n. sp. (Nematoda: Rhabditoidea), from Asian sciurids, is described based on morphology, 
morphometry, and the small and large subunit (SSUILSU) ribosomal RNA gene (rDNA) sequences. This new species was 
collected from Pallas's squirrels (Callosciurus erythraeus) in the central part of mainland Japan (Honshu), which were originally 
introduced from Taiwan some decades ago, and plantain squirrels (Callosciurus notatus) imported from Malaysia as personal 
pets. For comparison, Strongyloides robustus Chandler, 1942 was collected from American red squirrels (Tamiasciurus hudson-
icus) and southern flying squirrels (Glaucomys volans) imported from the United States as personal pets. The parasitic females 
found in North American and Asian sciurids shared some key morphological features such as the ovary running spirally around 
the gut, and the shapes of the stoma in the apical view and the tail. However, morphometric features of parasitic females in 
North American and Asian sciurids differed significantly from each other; the former was larger than the latter, and the relative 
position of the vulva to the whole body length from the mouth was different. The SSUILSU rDNA sequences supported the 
division of sciurid Strongyloides isolates by geographical distribution of the host and morphological features, leading us to propose 
the erection of new species. 
Strongyloides robustus Chandler, 1942 has been recorded 
from diverse sciurid species (Sciurus spp., Tamiasciurus spp., 
Glaucomys spp., Spermophilus spp., and Tamias spp.) in North 
America (Bartlett, 1995), and is the only sciurid Strongyloides 
species described to date (Chandler, 1942; Speare, 1989; Bart-
lett, 1995). Although species of Strongyloides generally exhibit 
both homogonic and heterogonic development in their life cy-
cles (Schad, 1989; Viney, 1994; Dorris et al., 2002), S. robustus 
is considered to be exceptional because it has no free-living 
generation. Specifically, it does not undergo a heterogonic de-
velopment in which male and female adults appear (Bartlett, 
1995). Because species of Strongyloides have only partheno-
genetic females in the parasitic phase, S. robustus should be 
characterized mainly by the morphology of parasitic females. 
Little information is available on the prevalence and mor-
phology of Strongyloides species in Asian sciurids (Matsudate 
et aI., 2003). However, Strongyloides sp. females were the 
prominent parasites found during a parasitological survey of 
feral Pallas's squirrels (Callosciurus erythraeus) introduced to 
the Japan (Honshu and Kyushu) some decades ago. Simil~ly, 
we found that Strongyloides sp. females were common in im-
ported pet squirrels such as plantain squirrels (Callosciurus no-
tatus) from Malaysia, and American red squirrels (Tamiasciurus 
hudsonicus) and southern flying squirrels (Glaucomys volans) 
from the United States. 
In the present study, we characterized the morphology and 
the small and large subunit (SSUILSU) ribosomal RNA gene 
(rDNA) sequences of these sciurid Strongyloides sp. nematodes, 
and erected a new species for isolates of Asian sciurid origin. 
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MATERIALS AND METHODS 
Examined animals 
Introduced Pallas's squirrels were collected at Hamamatsu City 
(34°42'-34°43'N, 137°40'-137°42'E; 34 females and 54 males) and Izu 
peninsula (34°40'-34°55'N, 139°00'-139°lO'E; 16 females and 6 males) 
in the central part of mainland Japan (Honshu) with permission from 
the Shizuoka prefectural office (Table I). These squirrels were originally 
introduced from Taiwan as zoo or park squirrels in the 1930s-1990s, 
then became feral and expanded their geographic ranges, particularly in 
the central part of mainland Japan (Tamura et aI., 1989; Tamura, 1999; 
Tamura and Miyamoto, 2005). Pet squirrels were purchased from 4 pet 
animal dealers for a cooperative survey of zoonotic (viral, bacterial, 
fungal, protozoal, and helminthic) agents in imported pet rodents, and 
necropsied in the School of Veterinary Medicine, Azabu University, 
within several days or a few weeks after importation. These included 9 
species of Sciuridae, with 264 in total number as shown in Table I. 
Parasitological examination 
Frozen or raw digestive tracts (from the stomach to the rectum) of 
feral Pallas's squirrels were sent to the parasitology laboratory, opened 
longitudinally, and immersed in physiological saline. After leaving the 
materials for a few hoU)'s, the mucosa was carefully scraped. Then, these 
materials were washed repeatedly by simple sedimentation in physio-
logical saline. Sediments were checked thoroughly using a dissection 
microscope, and the collected parasites were fixed in 10% neutral-buff-
ered formalin. Rectal feces of imported pet squirrels were transported 
in cool conditions (4 C) to the parasitology laboratory, and a direct wet 
smear of each fecal sample was examined. When Strongyloides sp. eggs 
were found in the feces, formalin-fixed intestines of specified pet squir-
rels were examined to collect adult parasites. Cecal and rectal contents 
of Pallas's squirrels, plantain squirrels, American red squirrels, and 
southern flying squirrels were cultured to collect filariform larvae using 
the petri-dish fecal culture method with an unglazed tile. 
Morphological examination 
Morphological examinations were performed using light microscopy 
according to the method established by Little (1966a, 1966b) and Speare 
(1989), and figures were drawn with the aid of a camera lucida. Mea-
surements were made using these figures. For scanning electron mi-
croscopy (SEM), nematodes preserved in 10% neutral-buffered formalin 
were immersed in 2.5% glutaraldehyde in 0.2M Na2HPO.-NaH2P04-
buffered solution (PB), pH 7.8, overnight, washed 3 times in PB, and 
postfixed in 1 % (weight/volume) osmium tetroxide in PB for I hr. After 
washing 3 times in PB, specimens were dehydrated through a graded 
ethanol series, immersed in warmed t-butyl-alcohol, and cooled at 4 C 
for 2 hr. Then, specimens were freeze-dried, mounted on stubs, sputter-
coated with gold-palladium at 300 A, and examined using a SEM 
(Model JSM-6100; JEOL) at an accelerating voltage of 10 kY. 
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TABLE I. Squirrels examined in the present study, along with the prevalence and abundance of Strongyloides adults. 
Animal Number of Isolate 
Squirrel host Place of origin Date of necropsy dealer animals * Prevalence* Intensityt name 
(l) Feral alien squirrels 
Pallas's squirrels Hamamatsu, 16 February 2004 to 34F 50% (17F) 1-9 (2.0):j: HAMA 
(Callosciurus erythraeus) Japan 25 December 2004 54M 63% (34M) 1-201 (6.6):j: 
Izu peninsula, 26 January 2005 to l6F 100% (16F) 2-83 (l1.6):j: IZU 
Japan 20 March 2005 6M 100% (6M) 28-86 (51.1):j: 
(2) Imported pet squirrels 
Plantain squirrels Malaysia 12 July 2004 I 20 (l2F; 8M) 53% 1-10 (3.6)§ BR 
(Callosciurus notatus) 4 June 2005 I 10 (SF; 5M) 
Eurasian red squirrels China 1 June 2003 0 10 (8F; 2M) 0% 
(Sciurus vulgaris) 2 July 2005 0 10 (10M) 
Columbian ground squirrels United States 1 June 2003 I 10 (SF; 5M) 0% 
(Spermophilus columbianus) 27 June 2004 I 10 (6F; 4M) 
2 July 2005 10 (IF; 9M) 
Richardson's ground squirrels United States 25 May 2003 I 10 (4F; 6M) 0% 
(Spermophilus richardsonii) 15 June 2003 10 (4F; 6M) 
27 June 2004 I 10 (6F; 4M) 
4 June 2005 10 (3F; 7M) 
Thirteen-lined ground squirrels United States 14 July 2003 10 (8F; 2M) 0% 
(Spermophilus tridecemlineatus) 
Siberian chipmunks China 15 June 2003 10 (10M) 0% 
(Tamias sibiricus) 14 July 2003 R 10 (6F; 4M) 
27 June 2004 19 (9F; 10M) 
16 April 2005 R 10 (4F; 6M) 
15 April 2006 A 20 (9F; 11M) 
10 June 2006 A 10 (8F; 2M) 
American red squirrels United States 27 June 2004 19 (lOF; 9M) 79% 1-11 (3.5)§ AA 
(Tamiasciurus hudsonicus) 
Southern flying squirrels United States 16 April 2005 R 10 (10M) 90% 1-76 (l2.2)§ AM 
(Glaucomys volans) 
Russian flying squirrels China 15 June 2003 10 (6F; 4M) 0% 
(Pteromys volans) 12 July 2003 R 6 (6M) 
2 July 2005 0 10 (IF; 9M) 
* F, female; M, male. 
t Range (geomean). 
:j: Statistically significant differences in wonn recovery between female and male squirrels in either Hamamatsu City or Izu peninsula. 
§ Wonn recovery was successful in only some of the squirrels with positive fecal test for eggs, because parts of the intestine had been used for histological examinations. 
Therefore, this value should be referred to as minimum numbers of detectable wonns. 
Experimental infection 
Inbred BALB/c mice (7- to 8-mo-old), and Mongolian jirds (Meri-
ones unguiculatus) (5- to 7-wk-old) were bred in the Institute for Ani-
mal Experiments, Hirosaki University School of Medicine. All animal 
experiments were performed according to the Guidelines on Animal 
Experimentation as set out by Hirosaki University. An appropriate num-
ber of filariform larvae suspended in water were injected subcutane-
ously into the mice and jirds. Some miC\( ,were immunosuppressed by 
subcutaneous injection with 0.25 ml of Depo-Medrol® sterile aqueous 
suspension (5 mg of methylprednisolone acetate; Pfizer Japan, Yoyogi, 
Tokyo) at the time of infection. A direct wet smear of each rodent was 
examined daily after 1 wk PI to determine the prepatent period. After 
being killed and necropsied, the small intestines of mice and jirds were 
examined for recovery of parasitic females as described above. Col-
lected parasites were fixed in 70% alcohol or 10% neutral-buffered for-
malin. Simultaneously, cecal contents and colonic and rectal feces were 
cultured separately on unglazed tiles in petri dishes containing water 
for the recovery of filariform larvae as described above. Because plan-
tain squirrels and American red squirrels were frequently infected with 
Brevistriata sp. (prevalence, 12/30; intensity, at least 1-44, with a mean 
of 4.2), and Citellinema sp. (16/19; at least 1-159, with a mean of 12.4), 
respectively, fecal culture from experimentally infected jirds eliminated 
their contamination, facilitating pure extraction of Strongyloides sp. 
DNA. 
Furthermore, to determine essential morphometric differences of par-
asitic females of North American and Asian isolates, approximately 350 
filariform larvae of each isolate were injected s.c. into 2 Mongolian 
jirds (ll-wk-old), and killed at 27 day PI. Parasitic females collected 
from the small intestine were fixed in 10% neutral-buffered formalin 
and measured as described above. 
DNA extraction, polymerase chain reaction (peR), and 
sequencing 
Molecular genetic characterization of SSUILSU rDNA was conduct-
ed using pooled filariform larvae obtained from the culture of cecal 
contents and intestinal feces from infected jirds. DNA extraction, PCR, 
and nucleotide sequencing were performed as described in our previous 
work (Sato et al., 2006). Direct sequencing was made for most PCR 
amplicons. Exceptionally, amplicons including internal transcribed 
spacer (ITS) regions were inserted into the plasmid vector pCR®2.l 
(Invitrogen Co., Carlsbad, California), and transformed into Escherichia 
coli TOPlO (Invitrogen) according to the instructions of the manufac-
turer. Following propagation and plasmid purification, inserts (from 3 
independent clones per amplicon) were sequenced using the vector uni-
versal primers M13 reverse and forward primers. Sequences were as-
sembled manually with aid of the CLUSTRAL W mUltiple alignment 
program (Thompson et al., 1994). The SSUILSU rDNA construction of 
the sciurid Strongyloides sp. isolates was determined following Sato et 
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TABLE II. Specimen information and DDBJIEMBLlGenBank accession numbers for Strongyloides spp. and related nematodes used in phylogenetic 
analysis. 
Accession 
Species Isolate Animal source Locality of collection number Reference 
(1) 18S rDNA 
Strongyloides callosciureus n. sp. HAMA Pallas's squirrels (Callos- Japan (feral, but alien AB272229 The present study 
ciurus erythraeus)?* squirrel) 
IZU Pallas's squirrels (Callos- Japan (feral, but alien AB272230 The present study 
ciurus erythraeus) squirrel) 
BR Plantain squirrels (Callos- Japan (imported as AB27223 1 The present study 
ciurus notatus) pets from Malaysia) 
Strongyloides robustus AM Southern flying squirrels Japan (imported as AB272232 The present study 
(Glaucomys volans) pets from U.S.A.) 
AA American red squirrels Japan (imported as AB272233 The present study 
(Tamiasciurus hudsoni- pets from U.S.A.) 
cus) 
Strongyloides stercoralis Dog Laboratory isolate in AF279916 Dorris et al. (2002) 
U.S.A. 
? ? AJ417023 Dorris et al. (2002) 
Strongyloides procyonis Raccoon (Procyon lotor) Japan (feral, but alien AB205054 Sato et al. (2006) 
mammal) 
Japanese badger (Meles Japan AB272234 Our unpublished data 
meles anakuma) 
Strongyloides ratti ? ? U81581 
Strongyloides fuelleborni Japanese monkey (Macaca Japan AB272235 Our unpublished data 
fuelleborni Juscata Juscata) in cap-
tivity 
Strongyloides cebus Squirrel monkeys (Saimiri Japan AB272236 Our unpublished data 
sciureus) in captivity 
Parastrongyloides trichosuri Common brushtail possum Australia AJ417024 Dorris et al. (2002) 
(Trichosurus vulpecula) 
Rhabditophanes sp. KR3021 Free-living Canada (Vancouver AF202151 Dorris et al. (2002) 
Island) 
(2) 28S rDNA 
Strongyloides callosciureus n. sp. HAMA See above See above AB272229 The present study 
IZU See above See above AB272230 The present study 
BR See above See above AB272231 The present study 
Strongyloides robustus AM See above See above AB272232 The present study 
AA See above See above AB272233 The present study 
Strongyloides stercoralis Ssdog4 Dog ? SSU39489 
Sshl Human Southeast Asia SSU38855 
AL3 ? ? AY294186 
AE-894 Human Probably Asia DQ145661 Nadler et al. (2006) 
Strongyloides procyonis Raccoon (Procyon lotor) Japan (feral, but alien AB205054 Sato et al. (2006) 
mammal) 
Strongyloides ratti SR3 ? ? SRU39490 
Strongyloides fuelleborni See above See above AB272235 Our unpublished data 
Sf7 Rhesus monkey (Macaca ? U42595 
. , mulatta) in captivity 
Rhabditophanes sp. KR3021 Free-living Canada (Vancouver DQ145655 Nadler et al. (2006) 
Island) 
* After Oshida et al. (2007), it is uncertain at present whether the host for this isolate was Pallas's squirrels or Finlayson's squirrels (Callosciurus finlaysonii). (See 
Discussion section of the present study). 
al. (2006). The newly obtained nucleotide sequence of rDNA from 
sciurid Strongyloides sp. isolates was deposited in DDBJIEMBLI 
GenBank (accession numbers AB272229-AB272233). 
Phylogenetic analysis 
For phylogenetic analyses, newly obtained 18S and 28S rDNA se-
quences of 5 sciurid Strongyloides sp. isolates and related species ob-
tained from DDBJIEMBLlGenBank (Table II) were aligned using the 
CLUSTRAL W multiple alignment program, with subsequent manual 
adjustment. For each alignment, regions considered to be poorly aligned 
and characters with a gap in any sequence were excluded from subse-
quent analyses. Three alignments were constructed for rDNA analyses: 
(1) for 18S rDNA, 1097- to 1120-bp-long 18S rDNA sequences of 14 
isolates/species, corresponding to the Strongyloides procyonis 18S se-
quence (DDBJIEMBLlGenBank AB205054) between the 119th and 
1,238th base positions were initially aligned. Bases at positions 221, 
222, 253, 254, 478 479, 614, 624, 642-646, 654-661, 669-675, 691, 
731-733,774-777,791,792,1,129, and 1,130 were judged to be poorly 
aligned, then were excluded; 1,081 characters, of which 39 (19 among 
Strongyloides spp., and 4 among sciurid Strongyloides sp. isolates) were 
parsimony-informative were included in subsequent analyses; (2) for 
28S rDNA, 788- to 827-bp-long 28S rDNA sequences of 14 isolates/ 
species, corresponding to the S. procyon is 28S sequence (DDBJ/EMBLI 
GenBank AB205054) between the 82nd and 900th base positions were 
initially aligned. Bases at positions 124, 125, 183-185, 241, 451, 452, 
490,491, 516, 520, 531, 533, 537, 567-590, 598-646, 804-815, 846, 
and 847 were judged to be poorly aligned, then were excluded; 716 
characters, of which 64 (58 among Strongyloides spp., and 10 among 
sciurid Strongyloides sp. isolates) were parsimony-informative were in-
cluded in subsequent analyses; and (3) sequences of l8S and 28S rDNA 
of each species were concatenated to increase the informative characters 
for phylogenetic analyses. Phylogenetic and molecular evolutionary 
analyses of aforementioned alignments (1)-(3) were conducted using 
neighbor-joining (NJ), minimum evolution (ME), and maximum parsi-
mony (MP) methods as implemented in the program MEGA, version 
3.1 (Kumar et aI., 2004). For all 3 methods, 1,000 bootstrap replicates 
were calculated. 
Statistical analYSis 
Differences between 2 groups were examined for significance using 
Student's t-test. A P value of less than 0.05 denoted statistical signifi-
cance. 
RESULTS 
Prevalence and morphology 
In feral Pallas's squirrels from Hamamatsu and Izu, Stron-
gyloides sp. nematodes were highly prevalent (Table I). The 
mean numbers of collected worms from female and male squir-
rels were significantly different; male squirrels had more para-
sites than females, regardless of the month that hosts were 
trapped in. Strongyloides sp. eggs were found in 16 of 30 plan-
tain squirrels, 15 of 19 American red squirrels, and 9 of 10 
southern flying squirrels, whereas other imported pet squirrels 
were negative for this nematode. 
Strongyloides sp. females from Pallas's squirrels (named 
HAMA and IZU isolates after their collection sites), plantain 
squirrels (BR isolate after Japanese host name), American red 
squirrels (similarly, AA isolate), and southern flying squirrels 
(similarly, AM isolate) had cephalic extremity with an indented, 
X-shaped mouth, ovaries running spirally around the gut, and 
bluntly rounded tails (Figs. 1, 2). SEM examinations of the 
anterior end of sciurid Strongyloides sp. parasitic females dis-
closed for the first time a unique morphological arrangement 
and the presence of 4 linguiform projections connecting the oral 
rim with the oral base (Fig. 3). This morphological character 
was seen in both North American and Asian isolates of sciurid 
Strongyloides sp. females, although these 2 had different body 
sizes. Comparisons of actual and relative lengths of different 
features of these Strongyloides sp. isolates from the natural 
hosts and experimental hosts are summarized in Tables III and 
FIGURE 1. Parasitic female of Strongyloides callosciureus n. sp. of 
Asian sciurid origin (HAMA isolate). (A) Whole view, (B) lateral view 
of the anterior end, (C) lateral view of the vulva, and (D) lateral view 
of the posterior end). Photographs B-D are at the same magnification. 
Abbreviations: An, anus; ARO, anterior reflexion of the ovary; EP, ex-
cretory pore; Eso, posterior end of esophagus, connecting to the intes-
tine; Int, intestine; Mo, mouth; NR, nerve ring; PRO, posterior reflexion 
of the ovary; and Vu, vulva. 
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TABLE III. Comparison of actual and relative lengths of different features of Strongyloides isolates from American and Asian squirrels. * 
Specimen group: A B C (AA isolate) D (AM isolate) C vs, Dt 
Parasite species: Strongyloides Strongyloides Strongyloides Strongyloides 
rohustus robustus robustus robustus 
Number of examined worms: (n = 11) (n = 9) (n = 8) (n = 8) 
Host: Tamiasciurus Tamiasciurus Tamiasciurus Glaucomys 
hudsonicus hudsonicus hudsonicus vo/ans 
Reference: Bartlett, 1995 Bartlett, 1995 The present study The present study 
Body length 5,5-6,5 (6,0) 6.4-8.0 (7.3) 5,3-6,5 (6,0) 7.2-8,5 (7,6) SSD 
Body width at end of esophagus 0,052-0,058 (0,056) 0,056-0,062 (0,058) 0,056-0,074 (0,062) 0,049-0,064 (0,059) 
Body width at vulva 0,056-0,064 (0,061) 0,056-0,065 (0,062) 0,056-0.071 (0,065) 0,060-0,073 (0,066) 
Esophagus, length 1.14-1.40 (1.29) 1.45-1.70 (1.56) 0,99-1.31 (1.23) 1.09-1.35 (1.21) 
Esophagus, % of total body length 18,1-23.3 (21.5) 18,8-25.0 (21.4) 18,9-22,6 (20,5) 14,9-17,1 (16.0) (Distinct) 
Nerve ring, from anterior end 0,186-0.231 (0.210) 0,202-0.283 (0.250) SSD 
Excretory pore, from anterior end 0,223-0,289 (0,255) 0.217-0.305 (0,276) 
Vulva, from anterior end 3,3-3,9 (3,6) 3,7-5.0 (4,5) 3.3-4.0 (3,7) 4,1-5,0 (4.6) SSD 
Vulva, % of body length from anterior end 58,3-63,6 (60,0) 57,8-64,8 (61.6) 60,0-63.9 (61.6) 55,7-66.5 (60,5) 
Extent of anterior branch of ovary:j: 0,168-0.348 (0,238) 0,132-0.348 (0,244) 0,143-0.263 (0,190) 0,165-0.415 (0.321) SSD 
Extent of posterior branch of ovary§ 0,160-0.428 (0,279) 0,160-0.384 (0,279) 0.280-0.337 (0,314) 0,146-0.426 (0,254) 
Tail length 0,090-0,116 (0,101) 0,088-0,110 (0,096) 0,097-0,131 (0, Ill) 0,106-0,126 (0,117) 
Egg size 0,045-0,072 (0,058; n = 15) 0,050-0,064 (0.055 ± 0,004; n = 25) 
by 0.033-0,042 (0.036) by 0,029--0,033 (0.031 ± 0,001) 
* Values are expressed as range with mean or mean:!: SD in parentheses; -, no data. 
t SSD, statistically significant difference; blank cell, no statistically significant difference; (distinct), no overlap of range values between 2 groups. 
:j: Distance from the posterior end of the esophagus, 
§ Distance from the anus. 
FIGURE 2. En face view (upper photographs) and tail (lower pho-
tographs) of Strongyloides robustus of North American sciurid origin 
(A; AA isolate), and Strongyloides callosciureus n, sp, of Asian sciurid 
origin (B; HAMA isolate), To image en face view of S. robustus pre-
cisely, refer to a drawing by Bartlett (1995) (Fig, 3d in that article). 
Scale bar = 0.020 mm for top photographs; and 0.050 mm for bottom 
photographs, Arrowheads indicate the anus. 
IV, respectively. Actual measurements of body width and tail 
length, as well as the relative position of the vulva to the whole 
body length, could divide sciurid Strongyloides sp. isolates into 
2 groups, i.e., isolates of North American origin and those of 
Asian origin. 
Culture and infectivity to laboratory rodents 
Culture of cecal contents and/or feces from Pallas's squirrels, 
plantain squirrels, American red squirrels, and southern flying 
squirrels successfully produced filariform larvae. Emergence of 
these larvae in the water continued for approximately 1 mo, 
FIGURE 3. Scanning electron microscopic views of the anterior end 
of Strongyloides sp. isolates (A, AA isolate; B, AM isolate; C, BR 
isolate; and D, IZU isolate). Note the presence of 4 linguiform projec-
tions connecting the oral rim with the oral base in all isolates, All 
micrographs are at the same magnification. 
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TABLE III. Extended. 
E (BR isolate) 
Strongyloides 
callosciureus n. sp. 
(n = 4) 
Callosciurus 
notatus 
C VS. Dt F (HAMA isolate) 
Strongyloides 
callosciureus n. sp. 
(n = 6) 
Callosciurus 
erythraeus 
C vs. Ft E vs. Ft G (TZU isolate) 
Strongyloides 
callosciureus ll. sp. 
(n = 8) 
Callosciurus 
erythraeus 
C vs. Gt E vs. G, F vs. Gt 
The present study 
5.0-6.2 (5.8) 
0.046-0.049 (0.047) 
0.051-0.057 (0.055) 
0.89-1.12 (0.99) 
14.9-18.5 (17.0) 
0.131-0.211 (0.184) 
0.149-0.286 (0.226) 
3.4-4.1 (3.9) 
65.1-67.9 (67.0) 
0.040-0.160 (0.086) 
0.131-0.234 (O.l71) 
0.080-O'(J97 (0.089) 
0.048-0.062 (0.056 ::t 0.004; n = 16) 
by 0.027--{).038 (0.032 ::t 0.(03) 
SSD 
SSD 
SSD 
(Distinct) 
(Distinct) 
SSD 
SSD 
SSD 
The present study 
3.4-6.0 (4.2) SSD 
0.034-0.054 (0.041) SSD 
0.040-0.066 (0.051) SSD 
0.80-1.14 (0.94) SSD 
19.1-25.9 (22.9) 
O. j 89-0.211 (0.199) 
0.209-0.254 (0.235) 
2.3-4.1 (2.9) SSD 
67.2-69.5 (68.5) (Distinct) 
0.074-0.231 (0.153) 
0.106-0.189 (0.161) SSD 
0.057-0.103 (0.077) SSD 
0.050-0.066 (0.056 ::t 0.004; n = 24) 
by 0.028-0.036 (0.032 ::t 0.0(2) 
The present study 
SSD 4.8-6.3 (5.6) SSD SSD 
0.038-0.042 (0.040) SSD SSD 
0.043-0.048 (0.045) SSD SSD 
0.84-1.09 (0.96) SSD 
(Distinct) 15.1-22.5 (17.1) (Distinct) (Distinct) 
0.160-0.204 (0.189) SSD 
0.193-0.244 (0.223) SSD 
SSD 3.3-4.4 (3.9) SSD 
66.5-71.2 (68.5) (Distinct) 
0.080-0.308 (0.162) 
0.042-0.139 (0.086) SSD SSD SSD 
0.060-0.095 (0.074) SSD SSD 
although a free-living generation could not be found in these 
cultures. Mongolian jirds inoculated subcutaneously with filar-
iform larvae (200-320 in number) of each isolate became pat-
ent at 10 day PI, and up to 25 parasitic females were collected 
from them when animals were killed at approximately I mo PI. 
Four female BALB/c mice were treated with prednisolone at 
infection with 320 filariform larvae of the HAMA isolate, and 
4 other female mice and 5 male mice were kept as nontreated, 
infected controls. A single parasitic female was recovered from 
a prednisolone-treated mouse at 13 days PI, whereas no para-
sites were recovered from the other 12 mice. After these ob-
servations, jirds were used to maintain the parasites in the lab-
oratory and prepare fecal cultures to produce filariform larvae. 
Egg sizes of all Strongyloides sp. isolates were identical, when 
direct fecal smears of infected jirds at 17 day PI were analyzed 
(Table III). Fecal cultures from 1 jird infected with the IZU 
isolate and 3 jirds infected with the AM isolate, killed at 194 
and175 days PI, respectively, produced filariform larvae in all 
examined samples, demonstrating an extraordinarily persistent 
infection of jirds with sciurid Strongyloides sp. isolates. 
rONA sequences and phylogenetic analyses 
The SSU/LSU rDNA construction of Strongyloides sp. iso-
lates from North American and Asian sciurids were as follows: 
1,732-bp and 1,72S/1,729-bp ISS rDNA; 162/163-bp and 142-
145-bp ITS1; 155-bp 5.SS for all; IS5-bp and IS0/1S1-bp ITS2; 
and more than 3,257-bp and 3,24S-3,250-bp 2SS rDNA, re-
spectively (Table V). The identity of available whole-length se-
quences between the 2 isolates (AM and AA) from North 
America sciurids was 99.S%, that between the 2 isolates 
(HAM A and IZU) from Pallas's squirrels was 99.7%, and that 
TABLE TV. Comparison of actual and relative lengths of different features of sciurid Strongyloides isolates in Mongolian jirds. * 
Isolate name; AM TZU 
Parasite species: Strongyloides robustus Strongyloides callosciureus n. sp. Statisticst 
Number of examined worms: (n = 6) (n = 6) 
Original host: Tamiasciurus hudsonicus Callosciurus notatus 
Body length . , 5.7 ± 0.34 (5.2-6.1) 4.7 ± 0.23 (4.3-4.9) SSD 
Body width at end of esophagus 0.047 ± 0.006 (0.039-0.055) 0.039 ± 0.004 (0.035-0.045) SSD 
Body width at vulva 0.055 ± 0.004 (0.050-0.060) 0.045 ± 0.005 (0.038-0.050) SSD 
Esophagus, length 1.04 ± 0.07 (0.92-1.12) 0.95 ± 0.10 (0.79-1.03 ) 
Esophagus, % of total body length 18.5 ± 1.6 (16.8-21.2) 20.4 ± 2.7 (16.6-24.2) 
Vulva, from anterior end 3.5 ± 0.2 (3.2-3.8) 3.2 ± 0.2 (2.9-3.4) SSD 
Vulva, % of body length from anterior 62.5 ± 0.6 (61.8-63.6) 69.2 ± 1.2 (67.4-70.9) (Distinct) 
end 
Extent of anterior branch of ovary:j: 0.32 ± 0.11 (0.19-0.45) 0.15 ± 0.06 (0.04-0.21) SSD 
Extent of posterior branch of ovary§ 0.22 ± 0.04 (0.16-0.26) 0.11 ± 0.05 (0.03-0.17) SSD 
Tail length 0.112 ± 0.Ql8 (0.088-0.138) 0.079 ± 0.013 (0.066-0.102) SSD 
* Worm recovery from 2 each of Mongolian jirds were 28 and 11 parasitic females for AM isolate and 9 and 3 for IZU isolate. Values are expressed as mean ::t SO, 
with range in parentheses. 
t SSO, statistically significant difference; blank cell, no statistically significant difference; (distinct). no overlap of range values between 2 groups. 
:1= Distance from the posterior end of the esophagus. 
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between Pallas's squirrels (HAMA or IZU) and plantain squir-
rels (BR) was 99.2-99.3%. The identity of available whole-
length sequences between the North American and Asian sciur-
id isolates ranged from 98.0 to 98.4%. The bases at several 
positions in 18S, ITS1, ITS2, and 28S rDNA were different 
between isolates of American and Asian sciurid origin (Table 
V), although the number of examined isolates was limited, and 
the bases at multiple positions were variable regardless of the 
geographical origin of isolates. 
Phylogenetic trees of either 18S rDNA or 28S rDNA se-
quences, containing 1,081 and 716 characters, respectively, 
showed different topologies for some Strongyloides spp., in-
cluding sciurid isolates regardless of the method of analysis, 
i.e., NJ, ME, or MP methods (data not shown). To see more 
precisely the molecular relationship of sciurid Strongyloides sp. 
isolates, concatenated sequences of 18S and 28SrDNA for each 
isolate or species were analyzed again by 3 methods described 
above. The resulting phylogenetic trees by the 3 methods were 
identical, separating Asian sciurid isolates (HAMA, IZU, and 
BR) from American sciurid isolates (AA and AM) with 100% 
bootstrap support (Fig. 4). Results of phylogenetic analyses in-
dicated that, in addition to morphological separation, Strongy-
loides sp. isolates of North American and Asian sciurid origins 
could be distinct species, even if they were closely related with 
each other. 
DESCRIPTION 
Strongyloides callosciureus n. sp. 
(Figs. 1, 28, 3C, 3D) 
General (measurements of holotype described here, and those of 
paratypes shown in Table III): Slender nematode, gradually tapering at 
anterior region, and abruptly tapering at tail (Fig. 1); 6.25 mm in length, 
and 0.039 mm and 0.048 mm in width at end of esophagus and vulva, 
respectively. Body wall thin, cuticle finely striated. Circumoral eleva-
tion without lobes. Stoma shallow, and slightly indented X-shaped in 
the apical view (Figs. 2B, 3C, 3D). Muscular esophagus 0.159 mm in 
length and glandular esophagus 0.78 mm in length; total length of 
esophagus corresponding to 15% of total body length. Nerve ring and 
excretory pore at 0.185 mm and 0.227 mm from mouth. Vulva at 4.05 
mm from anterior end, corresponding to 64.7 % along body length from 
mouth. Lips of vulva were prominent. Both anterior and posterior 
branches of ovaries were spiraling around the intestine; anterior With 
two-and-a-half and posterior with 2 spirals. Extent of anterior branch· 
of ovary 0.115 mm from posterior end of esophagus, and that of pos-
terior branch of ovary 0.039 mm from anus. Uteri containing eggs in 
single row. Tail digitiform and bluntly rounded, 0.070 mm in length. 
Eggs, 0.054-0.066 mm (0.056 mm average) by 0.027-0.038 mm (0.032 
mm average), containing tadpole-stage embryos in freshly passed fecal 
pellets of experimentally infected jirds. 
Taxonomic summary . , 
Type host: Callosciurus erythraeus (Pallas, 1779). 
Other hosts: Callosciurus notatus (Boddaert, 1785), and probably 
Callosciurus finlaysonii (Horsfield, 1824) (see below). 
Site of infection: Duodenum. 
Prevalence: 100%. 
Intensity: 2-86. 
Type locality: 1zu peninsula, Shizuoka, Japan (34°40'-34°55'N, 
139°00'-139°1O'E). These squirrels were originally introduced from 
Taiwan several decades ago (Tamura and Miyamoto, 2005). 
Specimens deposited: The National Science Museum, Tokyo: holo-
type and paratypes from the identical host (NSMT-As 3033, 1ZU iso-
late); other paratypes (NSMT-As 3034-3053, IZU isolate; NSMT-As 
3054-3059; HAMA isolate; and NSMT-As 3060-3066, BR isolate); 
and referring specimens of S. robustus (NSMT-As 3067-3071, AA iso-
late; and NSMT-As 3072-3078, AM isolate). 
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TABLE V. Continued. 
Number of 
Name of base pairs 
isolate included* 
3) 5.8S 
AM 155 
AA (23) 
HAMA 155 
TZU 155 
BR 155 
4) TTS2 
AM 
AA 
HAMA 
TZU 
BR 
5) 28S 
AM 
AA 
HAMA 
TZU 
BR 
AM 
AA 
HAMA 
TZU 
BR 
AM 
AA 
HAMA 
TZU 
BR 
185 
(0) 
181 
180 
181 
>3.257 
>(1,255) 
>3,248 
>3,248 
>3,250 
28 
T 
• 
• 
C 
124 
A 
• 
G 
G 
G 
645 
A 
(2,263/ 
30 
T 
c 
c 
c 
130 
A 
• 
T 
T 
T 
652 
G 
• 
A 
A 
A 
2,264) 2,281 
G 
• 
G 
A 
• 
• 
T 
31 
T 
134 
C 
• 
• 
• 
T 
671 
A 
• 
G 
G 
G 
2,602 
A 
T 
T 
T 
32 
T 
135 
A 
• 
T 
• 
G 
776 
A 
• 
G 
G 
G 
2,603 
T 
• 
33 
A 
1~7 
T 
• 
C 
C 
C 
815 
A 
C 
• 
• 
• 
2,606 
A 
T 
• 
• 
40 
AfT 
T 
T 
T 
172 
A 
• 
G 
G 
• 
858 
G 
• 
T 
T 
T 
2,676 
A 
41 
T 
499 
T 
• 
C 
C 
• 
935 
C 
G 
• 
• 
• 
2,677 
A 
51 
A 
G 
G 
G 
516 
A 
• 
G 
G 
G 
1,046 
A 
G 
• 
• 
• 
2,683 
A 
T 
T 
• 
Position of base changet 
58 
G 
T 
T 
T 
547 
A 
• 
T 
T 
• 
1,062 
T 
A 
A 
• 
A 
2,685 
A 
• 
(66/67) 
A 
A 
A 
554 
T 
• 
• 
• 
C 
1,066 
A 
G 
• 
• 
• 
2,686 
A 
T 
T 
T 
67 
T 
• 
• 
572 
T 
• 
• 
• 
1,153 
T 
• 
C 
• 
• 
2,717 
T 
• 
• 
A 
* When the ,espective regions were incompletely read, the number of sequenced nucleotides is shown in parentheses. 
80 
T 
c 
c 
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1,472 
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c 
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2,158 
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G 
G 
t Position numbers correspond to the respective region of published rDNA sequence of Strongyloides robustus CAM isolate; accession number AB272232) C., identical with AM isolate; ~, deletion; blank, no 
data). The position of insertion is expressed as adjoining position numbers in parentheses; for example, (66/67). Positions of bases different even within isolates from the same continents are in bold type, whereas 
possible base positions showing intercontinental differences are in regular type. 
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100 S. stercoralis (AF279916+SSU39489/AY294186) 
S. stercoralis (AJ417023+DQ1456611SSU38855) 
S. ratti (U81581+SRU39490) 
'---- S. fuelleborni (AB272235) 
S. robustus AA (AB272233) 
S. robustus AM (AB272232) 
S. callosciureus n. sp. BR (AB272231) 
S. callosciureus n. sp. IZU (AB272230) 
S. callosciureus n. sp. HAMA (AB27229) 
L...-_______________ Rhabditophanes sp. (AF202151 +DQ145655) 
---- 0.02 substitutions/site 
FIGURE 4. Neighbor-joining distance tree for Strongyloides sp. isolates and Rhabditophanes sp. KR3021 as an out-group. This phylogenetic 
analysis was conducted using concatenated sequences of 18S and 28S rONA without alignment ambiguity (parsimony-informative characters: 103 
for all, 77 for Strongyloides spp., and 14 for sciurid Strongyloides spp. isolates). Bootstrap supports are shown near nodes. 
Etymology: The species was named after the generic name of the 
type host. 
Remarks 
Actual measurements of body width and tail length of S. callose i-
ureus n. sp. were smaller than those of S. robustus. In addition, the 
vulva of S. callosciureus n. sp. was situated more posteriorly than that 
of S. robustus; this feature was consistent, appearing to be the most 
reliable character for separating these 2 species by light microscopy. 
The rONA sequence of the new species was deposited in DDBJ/EMBLI 
GenBank (accession numbers AB272229, HAMA isolate; AB272230, 
IZU isolate; and AB27223I , BR isolate), exhibiting a definite critical 
difference from S. robustus (accession numbers AB272232 and 
AB272233). 
DISCUSSION 
The key features of the parasitic female used to distinguish 
species of the Strongyloides are the shape of the stoma in the 
apical view, the type of ovary, the shape of the tail, and the 
number of lobes on the circumoral elevation (Speare, 1989). 
Referring to these morphological points, all isolates collected 
from North American and Asian sciurids in the present study 
closely resembled each other. However, actual measurements of 
body width and a tail length, as well as the relative positio~ of 
the vulva to the whole body length, could divide sciurid Stron-
gyloides isolates into those of North American and Asian ori-
gins. Although the body size of the North American isolates 
was generally larger than that of the Asian isolates, some dif-
ferences in actual measurements could not be ascribed to pro-
portional differences related to the 9Qdy size. The relative 
length of the esophagus against the body length fell into 2 spec-
tra regardless of having the identical morphological features 
mentioned above and the same geographical distribution of the 
host, so that the feature may be regarded as of no significance 
in the morphological differentiation when the molecular anal-
ysis supports this view. The same relative ratios of the esoph-
agus to the body length were observed by Bartlett (1995) in S. 
robustus specimens recovered from the same host species, i.e., 
T. hudsonicus, and preserved in the same fixative. 
The SSU/LSU rDNA sequences of the sciurid Strongyloides 
isolates were determined for the first time in this study. Re-
gardless of the unknown collection sites of the hosts, 2 North 
American isolates genetically resembled each other. Similarly, 
3 Asian isolates genetically resembled each other. When 2 iso-
lates from Pallas's squirrels were genetically compared, there 
were a few, but substantial, differences (21 base positions of 
S371-S4S4-bp length) in rDNA nucleotide sequences, reflected 
in a well-supported branching of the 2 in the phylogenetic tree 
(Fig. 4). This may be ascribed, however, to the difference in 
the original geographical source of the host in Taiwan (Tamura 
and Miyamoto, 2005). Interestingly, Oshida et al. (2006) dem-
onstrated 4 main mitochondrial DNA (mtDNA) phylogroups of 
Pallas's squirrels associated with geography of Taiwan (north-
ern, western, southern, and eastern regions) and suggested iso-
lation of these populations from one another by mountain rang-
es during the Pleistocene glaciation. More recently, Oshida et 
al. (2007) demonstrated that so-called "Pallas's squirrels" 
caught in Hamamatsu City were separated into 2 mtDNA phy-
logroups; one group was in a cluster with Pallas's squirrels dis-
tributed in the eastern part of Taiwan, whereas the other group 
did not cluster with any phylogroups of Pallas's squirrels in 
Taiwan. They suggested that alien non-Pallas's squirrels distrib-
uted in HamamatsuCity could be Finlayson's squirrels (Cal-
losciurus finlaysonii) distributed originally in Thailand, Cam-
bodia, Laos, and Vietnam (Hoffmann et aI., 1993). Simulta-
neously, Oshida et al. (2007) reported that alien squirrels caught 
in the Izu peninSUla were closely related to the Taiwanese pop-
ulation of Pallas's squirrels, but were in an independent cluster 
to the 4 main mtDNA phylogroups mentioned above. Alterna-
tively, it is possible that a Japanese isolate of sciurid Strongy-
loides nematodes was generated by alien Callosciurus squirrels, 
which are expanding their population in Japan after their intro-
duction several decades ago. At present, we have no molecular 
data for Strongyloides nematodes in Japanese sciurids. To as-
sess all these possibilities, collection of more sciurid Strongy-
loides isolates in Asia should be made in the future. 
Anderson et al. (1998) and Blouin (2002) consider that even 
ITS sequence data may not be as useful as mtDNA for identi-
fying potential cryptic species (morphologically similar, but ge-
netically distinct) from small numbers of individuals, because 
mtDNA evolves very quickly in nematodes, and quickly reach-
es reciprocal monophyly between even very closely related spe-
cies. From this viewpoint, our analysis of nuclear rDNA se-
quences might be insufficient to identify cryptic Strongyloides 
species from sciurid hosts in the same continent, or the history 
of colonization by an exotic parasite (Criscione et aI., 2005). 
Because substantial genetic differences exist even in rDNA, in-
cluding all structural parts such as 18S, ITS, and 28S, between 
North American and Asian sciurid Strongyloides spp. isolates 
(Table V), in addition to geographical separation of the defini-
tive host and morphological differences, we erected S. callos-
ciureus n. sp. for isolates of Asian sciurid origin, and reserve 
S. robustus Chandler, 1942 for isolates of North American 
sciurid origin. 
Our understanding of the phylogeographical relationships of 
terrestrial squirrels has advanced in the last few years (Mercer 
and Roth, 2003; Steppan et aI., 2004; Oshida et al., 2006, 2007). 
Dorris et aI. (2002) found, however, no support for strong co-
evolution between the host and Strongyloides spp., and instead 
suggested an explosive recent radiation and host colonization 
or switching in this parasite based on the genetic similarity 
within the genus. Furthermore, they indicated that there is little 
molecular correlation with morphological features of Strongy-
loides spp. and thus the molecular phylogeny of Strongyloides 
spp. differs from that predicted from morphological and eco-
logical criteria alone. It should be noted, however, that Dorris 
et aI. (2002) compared only 329- to 332-bp-Iong 18S rDNA at 
the 5' end of 10 Strongyloides spp. Becasue this region of 18S 
rDNA or even the total length of 18S rDNA sequence has few 
variations and few base substitutions, it seems valuable to re-
examine their conclusion using other parts of rDNA sequences 
or mtDNA sequences. 
As shown in the present study, laboratory maintenance and 
propagation of sciurid Strongyloides isolates is possible using 
Mongolian jirds as a laboratory host, as in other Strongyloides 
spp. (Rorii et al., 1992; Tsuji et aI., 1993; Nolan et aI., 1993). 
This facilitates laboratory maintenance and analyses of sciurid 
Strongyloides spp. Accumulation of biologic and genetic fea-
tures of sciurid Strongyloides sp. isolates as well as other mem-
bers of the genus in the future may elucidate more clearly the 
taxonomic and evolutional relationships of the sciurid Stron-
gyloides isolates of different geographical origins. 
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BOOK REVIEW . .. 
Atlas of Human Malaria, by Giovanni Swierczynski and Mario Gob-
boo Az Color s.r.l., Sirmione (BS), Italy. 203 p. ISBN 978-88-902892-
0-0. 
As has been stated by the World Health Organization in many of 
their press releases, in excess of I million people die from malaria on 
an annual basis. Most of these deaths are from falciparum malaria in 
children living in sub-Sabaran Africa. Between 300 and 500 million 
cases of the dread disease occur each year, producing vast morbidity in 
the process. As noted by Lawrence R. Ash and Thomas C. Orihel in 
their Foreword for the book, the "gold standard" for malaria diagnosis 
is still the identification of the parasites on blood films placed on glass 
slides. 
The new Atlas of Human Malaria, written and prepared by Giovanni 
Swierczvnski and Mario Gobbo, possesses in excess of 450 of some of 
the best photomicrographs I have seen representing the four primary 
species of Plasmodium infecting humans. As noted by Ash and Orihel, 
the book creates a "new level of diagnostic assistance" to those who 
may be trying to identify Plasmodium species. The photomicrographs 
J. Parasitol., 93(6), 2007, p. 1487 
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are accompanied by written text, in both English and Italian, which 
attempts to provide useful information on the biology and epidemiology 
of each Plasmodium species throughout. There are also sections that 
deal with the preparation of blood smears and staining techniques, as 
well as photomicrographs that represent many of the artifacts that may 
be encountered. 
I enjoyed looking through the book and have every intention of using 
it as a source when I teach my introductory parasitology course. I would 
highly recommend it for any university library. 
Contact www.tropicalmed.euiname/malariaatlas for information re-
garding purchase of the book. This is the Web site for The Centre of 
Tropical Diseases at the Ospedale Don Calabria. After arriving at the 
site, you will see symbols of Italian and English flags so that infor-
mation can be read in the appropriate language. You will see the name, 
Atlas of Human Malaria, or the word, Novita, which will take you to 
the ad for the book. For overseas purchasers there is an order form that 
can be pulled up. 
Gerald W. Esch, Department of Biology, Wake Forest University, Win-
ston-Salem, North Carolina 27109. 
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WIDESPREAD AND STRUCTURED DISTRIBUTIONS OF BLOOD PARASITE HAPLOTYPES 
ACROSS A MIGRATORY DIVIDE OF THE SWAINSON'S THRUSH 
(CATHARUS USTULATUS) 
L. M. E. Svensson, K. C. Ruegg, C. H. Sekercioglu*, and R. N. M. Sehgalt 
Museum of Vertebrate Zoology, Department of Integrative Biology, University of California, Berkeley, California 94720. 
e-mail: Imsvensson@umsl.edu 
ABSTRACT: We examined the phylogenetic distribution of cytochrome b haplotypes of the avian blood parasite genera Haemo-
proteus and Plasmodium across the migratory divide of the Swainson's thrush (Catharus ustulatus) in British Columbia, Canada. 
From 87 host individuals, we identified 8 parasite haplotypes; 4 of Plasmodium and 4 of Haemoproteus. Six haplotypes were 
novel; I Haemoproteus haplotype was identical to H. majoris found in the blue tit (Parus caeruleus) in Sweden, and another 
halotype was identical to a Plasmodium haplotype found in the white-crowned sparrow (Zonotrichia leucophrys) in Oregon. The 
2 most abundant parasite haplotypes were widely distributed across the contact zone, whereas 2 other parasite haplotypes seem 
to have structured distributions. Compared with 74 Plasmodium and Haemoproteus haplotypes published in GenBank, haplotypes 
recovered from Swainson's thrushes do not form monophyletic groups, and they are closely related to haplotypes from a variety 
of other hosts and localities. In addition, we recovered 2 Swainson's thrush Plasmodium haplotypes from the nonmigratory 
orange-billed nightingale thrush (Catharus aurantiirostris) in Costa Rica. This study is the first to elucidate avian blood parasite 
transmission, distribution, and phylogenetic relationships in an avian contact zone in North America. 
Studies on spatial distributions of avian blood parasites con-
tribute to the understanding of host switching and expansion 
into new territories, This knowledge may be useful in predicting 
future global parasite distributions and have implications for 
vector-borne parasites affecting other vertebrates, such as hu-
mans, 
Migratory divides, narrow regions where 2 populations with 
different migratory routes and typically distinct wintering areas 
meet on the breeding grounds (Bensch et aI., 1999; Ruegg and 
Smith, 2002), provide opportunities to study the spatial differ-
entiation and dispersal of avian blood parasite communities 
(Bensch and A.kesson, 2003; Reullier et aI., 2006). For parasites 
to transmit across the divide, competent insect vectors are re-
quired. In addition, because blood parasites seem to be largely 
host specific at least at the family level (Bensch et aI., 2000; 
Ricklefs and Fallon, 2002; Beadell et aI., 2004; Ricklefs et aI., 
2004), transmission across the divide should be enhanced when 
hosts are closely related to each other. Consequently, in contact 
zones of closely related hosts, one would expect expansion of 
parasites to occur freely if the appropriate vectors are present. 
Blood parasites can be transmitted both on the breeding 
grounds (Bennett and Cameron, 1974; Bensch and Akesson, 
2003; Ricklefs et aI., 2005) and on the wintering grounds (Wal-
denstrom et aI., 2002; Perez-Tris and Bensch, 2005). The latter 
authors also demonstrated that more widespread parasites ex-
hibit a more general transmission behavior and that they are 
capable of year-round transmission both on the hosts' breeding 
and wintering grounds. If parasite lir1'e'ages across migratory 
divides are structured and differ between bird populations that 
come into contact only at breeding grounds, then parasite trans-
mission likely occurs solely on the wintering grounds. Alter-
natively, if parasite lineages are widespread and identical line-
ages are distributed across contact zones between populations 
with different wintering locations, then these lineages are likely 
Received 21 September 2006; revised 19 May 2007; accepted 21 May 
2007. 
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transmitted on the breeding grounds. Parasite distribution across 
migratory divides has been studied in the Europe-Africa mi-
gratory system (Bensch and Akesson, 2003; Reullier et aI., 
2006), but data on parasite distribution across migratory divides 
in the Americas were, until the present study, lacking. In a 
region of British Columbia, 2 groups of Swainson's thrush 
(coastal and inland) form a migratory divide (Ruegg and Smith, 
2002). The coastal group is concordant with the russet-backed 
Swainson's thrush subspecies group (Catharus ustulatus ustu-
latus), and the inland group is concordant with the olive-backed 
Swainson's thrush subspecies group (Catharus ustulatus swain-
soni). The 2 groups exhibit a nearly complete separation of 
migratory routes and wintering locations (Fig. 1), the mito-
chondrial control region shows a sequence divergence of 0.7% 
(Ruegg and Smith, 2002), and the breeding ground habitats are 
ecologically different (Ruegg et aI., 2006). The coastal Swain-
son's thrush winters in Central America and Mexico, migrates 
along a Pacific coastal route, and breeds in a climate with more 
precipitation and less seasonal variation in temperature and pre-
cipitation than the inland Swainson's thrush, which winters in 
Panama and South America and migrates via an eastern route 
(Ruegg and Smith, 2002; Ruegg et aI., 2006). 
Molecular techniques are becoming increasingly popular in 
studies on the evolution and distribution of avian haemosporidia 
(e.g., Richard et aI., 2002; Fallon, Ricklefs et aI., 2003; Hell-
gren et aI., 2004). Here, we use molecular analyses to investi-
gate .the spatial distribution of blood parasite haplotypes found 
in the Swainson's thrush in British Columbia and to compare 
the distribution and phylogenetic relationship of the Swainson's 
thrush's haemosporidian haplotypes to published haplotypes 
found in other birds throughout the world, as well as haplotypes 
found in orange-billed nightingale thrushes that are resident in 
Central America. Specifically, we set out to determine (I) 
whether the parasites are specific to either of the 2 groups of 
Swainson's thrush or whether they are widespread across the 
migratory divide; (2) whether Swainson's thrush parasites are 
more closely related to each other than they are to blood par-
asites in other hosts; and (3) whether the presence of shared 
parasite lineages across species that reside in distinct regions 
sheds light on the origin of parasite transmission in migratory 
birds such as the Swainson's thrush. 
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FIGURE I. A map of the distribution of the coastal and inland Swainson's thrush groups. Black areas represent the range of the coastal group, 
dark gray areas represent the range of the inland group, and light gray areas represent the location of the contact zone of the 2 groups. The inset 
shows sampling localities on the breeding grounds in British Columbia. Costa Rica is also shown to indicate the site of collection of the orange-
billed nightingale thrush. 
MATERIALS AND METHODS 
Swainson's thrushes were caught in mist nets in the beginning of the 
breeding season (May-June) in 2000, 2003, 2004, and 2005. Blood was 
extracted via brachial venipuncture and stored in lysis buffer (Seutin et 
aI., 1991). DNA was extracted with a DNeasy (QIAGEN, Valencia, 
California) extraction kit. The birds were classified as having I of 2 
mitochondrial haplotypes based on an restriction fragment length poly-
morphism analysis of the control region that identified 2 reciprocally 
monophyletic haplotype groups within the Swainson 's thrush, i.e., the 
coastal haplotype group restricted to the Pacific coast of North America 
and the inland haplotype group found throughout the remainder of the 
breeding range (Ruegg and Smith, 2002). 
Blood from 273 birds from 12 different localities (Fig. I) in British 
Columbia was screened for species of Plasmodium and Haemoproteus 
using primers 343F (5'GCTCACGCATCGCTTCT3') and 496 (5'GA 
CCGGTCATTTTCTTTG3') following the protocol of Fallon, Ricklefs 
et al. (2003). The PCR product was viewed on 1% agarose gels stained 
with ethidium bromide. The presence of a 153-bp band scored an in-
dividual as positive for Plasmodium, Haemoproteus, or both. 
Subsequent to the prevalence screening, a 542-bp fragment of the 
parasite cytochrome b gene from 98 infes.t~d individuals across the con-
tact zone was amplified using the primers LI5183 (5'GTGCAACYGT 
TATTACTAATTTATTATA3') and H15730 (5'CATCCAATCCATAA 
TAAAGCAT3') following the protocol of Szymanski and Lovette 
(2005). Sequencing of this fragment was done on an ABI 377 sequencer 
or an ABI 3730 DNA analyzer (ABI PRISM@, Applied Biosystems, 
Foster City, California). Sequences (498 bp) were cleaned and aligned 
using Sequenchef® (Gene Codes Corporation, Ann Arbor, Michigan). 
One sequence had multiple peaks in both the forward and reverse di-
rection, suggesting multiple infections. In addition, we were not able to 
obtain sequence data from 10 individuals, perhaps due to low parasit-
emia, or else degraded DNA. In total, 87 good sequences were obtained. 
We used the likelihood ratio values from chi-square tests to determine 
the distribution of parasite haplotypes across the migratory divide. 
We performed BLAST searchers in the National Library of Medic ine 
(NLM; http://www.ncbi.nlm.nih.govlblast/) using each haplotype recov-
ered from the Swainson's thrushes, and we downloaded avian malaria 
sequences posted as of 15 December 2006, of the first 50 BLAST hits 
that were overlapping our sequences. In total, 84 sequences (including 
the 8 haplotypes found in the Swainson's thrush and 2 outgroups; see 
Appendix) were aligned in Clustal X (Thompson, 1997) using default 
alignment parameters. 
In addition, to determine whether Swainson's thrushes share parasite 
lineages with resident Central American birds, orange-billed nightingale 
thrushes (Catharus aurantiirostris) were mist netted in southern Costa 
Rica (site details in Sekercioglu et aI. , 2007) in the beginning of the 
2004 and 2005 breeding seasons (March- August). Blood from 20 in-
dividuals was screened for Plasmodium/Haemoproteus, and cytochrome 
h sequences from the 7 positively scored individuals were obtained 
following the same protocols as for the Swainson 's thrush samples. 
To estimate the topology of the avian malaria parasite haplotypes 
recovered from the Swainson's thrushes in British Columbia and the 
sequences downloaded from GenBank, we first used MrModeltest, ver-
sion 2.2 (Nylander, 2004) to determine the most appropriate evolution-
ary model for our 2 data sets partitioned by codon positions. We used 
the models recommended by the hierarchical likelihood ratio test. The 
results from the MrModeitest 2.2 runs were combined in MrSecretary 
1.0 (Lin and Bonett, 2006) and implemented in MrBayes, version 3.0b4 
(Huelsenbeck and Ronquist, 200 I). Simulations were run with 4 chains 
for 10,000,000 steps with a 4 ,000,000-step burn-in period and sampling 
every 500 steps. The program Are We There Yet (Wilgenbusch et aI., 
2004) was used to select the burn-in number. In addition, we ran a 
maximum likelihood heuristic search with the tree-bisection-reconnec-
tion branch-swapping algorithm in PAUP*4.0blO (Swofford, 2002) with 
10 replicates of random stepwise additions, followed by a heuristic 
bootstrap with 100 replicates. For this analysis, we considered models 
recommended by the hierarchical likelihood ratio test in Modeltest, ver-
sion 3.7 (Posada and Crandall , 1998). We consider nodes with bootstrap 
values equal to or greater than 70% and posterior probabilities greater 
than or equal to 0.95 strongly supported. 
RESULTS 
Of the 273 Swainson's thrushes screened for Plasmodium/ 
Haemoproteus, 148 (54%) were infected. Of the 87 sequences 
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TABLE 1. Eight parasite lineages recovered from Swainson's thrushes (SWTH) in British Columbia and numbers of individuals and localities in 
which they were found. Novel lineages begin with SWTH for Swainson's thrush. P. sp. 49 is GenBank AF465549, and H. majoris is GenBank 
AY099045. 
Region SWTH.P.I SWTH.P.2 SWTH.P.3 P. sp. 49 
Coastal 4 0 0 2 
Hybrid I 1 6 
Inland 0 0 0 1 
Total 5 9 
recovered from the Swains on's thrush, we detected 8 different 
haplotypes, whereof I halotype was identical to H. majoris 
(GenBank AY099045) found in a blue tit (Parus caeruleus) in 
Europe, and another halotype was identical to Plasmodium sp. 
haplotype 49 (GenBank AF465549) found in white-crowned 
sparrows (Zonotrichia leucophrys) in North America. Six se-
quences were novel, and they have been deposited in GenBank 
with the accession numbers DQ490060-DQ490065. 
Species of Haemoproteus are more prevalent than those of 
Plasmodium (Table I). At least 1 Plasmodium haplotype 
(AF465549) and 1 Haemoproteus haplotype (SWTH.H.sp.1) 
are equally distributed across the contact zone (X2 = 0.89, P = 
0.64 for P. sp haplotype 49 and X2 = 0.51, P = 0.78 for 
SWTH.H.sp.1). SWTH.H.sp.1 was recovered from 65 individ-
ual Swainson's thrushes (72%), and it is thus, by far, the most 
common haplotype. Two haplotypes seem structured; 
SWTH.P.sp.1 was detected only in the coastal Swainson's 
thrush, and SWTH.H.sp.2 was detected only in the inland 
Swainson's thrush. 
The phylogenetic analysis of 82 haplotypes in the ingroup 
split the data into a Haemoproteus clade and a Plasmodium 
clade (Fig. 2). The 8 haplotypes found within the Swainson's 
thrush are not always more closely related to each other than 
they are to parasite haplotypes recovered from a variety of other 
hosts and localities (Fig. 2). SWTH.P.sp.1 seems distinct from 
the other Swainson's thrush Plasmodium haplotypes, all 3 of 
which form a strongly supported monophyletic clade 
(SWTH.P.sp.2, SWTH.P.sp.3, and P. sp. haplotype 49; Fig. 2). 
SWTH.P.sp.1, which was also recovered from the orange-biRed 
nightingale thrush, groups with a Plasmodium haplotype 
(GenBank AY099036) recovered from an Inca tern (Larosterna 
inca, Laridae) in the Washington D.C. National Zoo (Perkins 
and Schall, 2002). The node connecting SWTH.P sp.1 and the 
Inca tern Plasmodium is strongly supported by the maximum 
likelihood analysis (bootstrap value of 81 %), but not by the 
Bayesian analysis (posterior probability' of 0.89). The pairwise 
distance between SWTH.P.sp.1 and the Inca tern Plasmodium 
is 0.44%. All Swainson's thrush Haemoproteus haplotypes (ex-
cept for H. majoris) form an unresolved clade with haplotypes 
recovered from both other Muscicapidae and non-Muscicapidae 
species from Africa, Asia, Europe, and North America. The 
H. majoris SWTH.H.I SWTH.H.2 SWTH.H.3 
0 19 0 0 
1 35 0 1 
2 11 2 0 
3 65 2 
pairwise distances between SWTH.H.sp.1, SWTH.H.sp.2, and 
SWTH.H.sp.3 range between 0.2% and 0.8%. 
Two Plasmodium haplotypes were recovered from the 20 or-
ange-billed nightingale thrushes in Costa Rica. One haplotype, 
recovered from 2 individuals, was identical to SWTH.P. sp.1, 
and 1 haplotype, recovered from 5 individuals, was identical to 
SWTH.P.sp.2. No orange-billed nightingale thrushes were in-
fected with Haemoproteus. 
DISCUSSION 
Distribution across the divide 
The widespread distribution of SWTH.H.sp.1 and P. sp. hap-
lotype 49 could reflect either, or both, of the following 2 pro-
cesses. First, the cytochrome b marker may not evolve fast 
enough to detect differentiation between parasite haplotypes 
shared by very closely related hosts, i.e., the 2 subspecies that 
constitute our study system. Ricklefs and Fallon (2002) pro-
posed a slower rate of nucleotide substitution in avian malaria 
mitochondrial DNA to be accountable for patterns of low host 
specificity in avian malaria parasites. Second, the results could 
reflect 3 different possibilities for the location of transmission. 
That is, the parasite haplotypes recovered from the Swainson's 
thrushes could be widespread in South and Central America and 
transmitted on the wintering grounds of both the inland Swain-
son's thrush (which winters predominantly in South America) 
and the coastal Swainson's thrush (which winters predominant-
ly in Central America), they could be transmitted solely on the 
breeding grounds across the migratory divide, or they could be 
transmitted year-round transcontinentally. We have no reason to 
believe that transmission occurs preferentially on either the 
wintering or breeding grounds, because previous studies have 
indicated that parasites can be transmitted in tropical and tem-
perate regions alike (Waldenstrom et aI., 2002; Bensch and 
Akesson, 2003; Fallon, Bermingham et aI., 2003; Perez-Tris and 
Bensch, 2005; Ricklefs et al., 2005). However, a recent study 
has shown that blood parasites rarely are transmitted at both 
breeding and wintering grounds and that Plasmodium parasites 
more often infect both resident and migratory bird species than 
Haemoproteus (Hellgren et aI., 2007). Due to the lack of avian 
malaria sampling in South America, we cannot compare our 
FIGURE 2. A Bayesian consensus rooted with Leucocytozoon dubreuli and L. simondi. Solid stars represent nodes where the posterior proba-
bilities from the Bayesian analysis are greater than 0.95 and where bootstrap values from the maximum likelihood analysis are greater than 70%. 
Sequences recovered from the Swainson's thrush are underlined. The continent where a lineage was found, when known, is shown as different 
symbols. Haplotypes recovered from Muscicapidae species are marked with a bold "M." If a parasite haplotype was documented as a species in 
the GenBank record, it is noted to the right. 
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sequences to other sequences from the Swainson's thrush's win-
tering grounds. However, we found neither the common 
SWTH.H.sp.l nor P. sp. haplotype 49 in the congeneric orange-
billed nightingale thrush in Costa Rica, near to where the coast-
al Swainson's thrush is known to winter and the inland Swain-
son's thrush stops over during migration. Further support for 
breeding ground transmission of P. sp. haplotype 49 is that it 
is shared with the white-crowned sparrow in the Pacific North-
west (Ricklefs and Fallon, 2002). More intensive sampling of 
the wintering grounds alongside sampling of juvenile Swain-
son's thrushes on the breeding grounds is necessary before de-
termining place of transmission. We sampled early in the breed-
ing season when no juvenile Swainson's thrushes were present. 
We cannot reject the possibility that transmission also occurs 
on the wintering grounds or that this haplotype is widespread 
in the Americas. Nevertheless, this wide distribution of Plas-
modium and Haemoproteus contrasts with patterns of blood 
parasite distributions in European migratory divides, which ex-
hibit a highly structured parasite distribution with occasional 
host sharing across the contact zone (Reullier et aI., 2005). 
Phylogenetic relationships 
That the parasite haplotypes recovered from the Swainson's 
thrush group with haplotypes recovered from several different 
host species and localities indicates low host specificity. Szy-
manski and Lovette (2005) found a similar lack of host speci-
ficity in sympatric hosts belonging to 4 families (Hirundinidae, 
Parulidae, Emberizidae, and Fringillidae). Their phylogenetic 
analysis of 29 unique parasite haplotypes produced 5 strongly 
supported clades of which 2 clades contained parasite haplo-
types infecting all 4 host families. Our results, which placed 
haplotypes from the Swainson's thrush within 4 strongly sup-
ported clades containing haplotypes from multiple host fami-
lies, were, therefore, not surprising. 
The small pairwise distances between the Haemoproteus 
haplotypes (expept H. majoris) recovered from the Swainson's 
thrush suggest that they are the same lineage if we follow the 
definition of a lineage as described by Szymanski and Lovette 
(2005), who consider a lineage to be composed of haplotypes 
less than 1.4% divergent. However, included in that lineage 
would be 2 already described species (H. pallidus and H. min-
utus; Hellgren et aI., 2006), suggesting that rather than reflect-
ing low host specificity, this particular clade shows that more 
sequence data are necessary to resolve it. 
Evidence for transmission locality .' 
The presence of SWTH.P.sp.l and SWTH.P.sp.2 in the non-
migratory orange-billed nightingale thrush shows that these lin-
eages are transmitted in Central America. Following the rea-
soning of Bensch et ai. (2007), the fact that these 2 parasite 
haplotypes are rarely detected in breeding Swainson's thrush 
popUlations supports the idea of them being transmitted on the 
wintering grounds, because fitness costs are highest after pri-
mary infections; fewer birds infected with parasites on the win-
tering grounds would make it all the way to the breeding 
grounds. 
It is interesting that the majority of the range of the orange-
billed nightingale thrush in Central America overlaps with the 
wintering distribution of the coastal Swainson's thrush, the only 
Swainson's thrush subspecies known to carry the SWTH.P.sp.l 
haplotype. No Swainson's thrushes were found wintering in the 
sampling location of the orange-billed nightingale thrushes in 
this study, but if future work were to reveal that SWTH.P.sp.l 
is found to be widespread among orange-billed nightingale 
thrush populations that co-occur with wintering coastal Swain-
son's thrushes, then this may help explain the structured distri-
bution of the SWTH.P.sp.l haplotype across the migratory di-
vide. 
In conclusion, despite a significant difference in migratory 
behavior and wintering locations in the Swainson's thrush, 1 
highly abundant Haemoproteus haplotype and 1 Plasmodium 
haplotype are distributed across the migratory divide, whereas 
2 parasite haplotypes provide preliminary evidence for a struc-
tured distribution across the migratory divide. The presence of 
2 of the Plasmodium haplotypes specific to the coastal Swain-
son's thrush in the nonmigratory orange-billed nightingale 
thrush from Central America suggests that these lineages are 
transmitted on the wintering grounds. Future work should use 
more markers, such as nuclear genes, and sampling of juveniles, 
vectors, and the entire host community on both the wintering 
and breeding grounds in South and North America, respective-
ly. Our results add to the understanding of avian malaria dy-
namics by showing that within a single host species system 
parasites can be diverse and have both widespread and struc-
tured distributions, by demonstrating that differences in cyto-
chrome b are not great across the world and several host fam-
ilies, and by suggesting that a greater emphasis should be 
placed on studying vector ecology to clarify host-parasite in-
teractions. 
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APPENDIX. GenBank identification number, species of parasite, host in which the parasite was found, and country in which the host was caught. 
P. is Plasmodium, H. is Haemoproteus, and L. is Leucocytozoon. Host taxonomy is based on information from the Integrated Taxonomic Infor-
mation System (http://www.itis.gov/index.htrnl). 
GenBank Parasite species Host species Host family Country 
AB250415 P. juxtanucleare Unknown Unknown 
AF069611 P. elongatum Passer domesticus Passeridae N. America 
AF465548 P. sp. haplotype 48 Turdus migratorius Muscicapidae N. America 
AF465549 P. sp. haplotype 49 Zonotrichia leucophrys Fringillidae N. America 
AF465550 P. sp. haplotype 50 Andropadus latirostris Pycnonotidae Cameroon 
AF46555I P. sp. haplotype 51 Nectarinia olivacea Nectariniidae Cameroon 
AF465552 P. sp. haplotype 52 Alethe diademata Muscicapidae Cameroon 
AF465553 P. sp. haplotype 53 Cinclocerthia ruficauda Sturnidae Caribbean 
AF465555 P. sp. haplotype 55 Baeolophus bicolor Paridae N. America 
AF465559 P. sp. haplotype 64 Vireo griseus Vireonidae N. America 
AF465565 H. sp. haplotype 4 AfargaropsJuscus Sturnidae Caribbean 
AF465567 H. sp. haplotype 6 Coereba flaveola Fringillidae Trinidad 
AF465568 H. sp. haplotype 7 Tiaris bicolor Fringillidae Venezuela 
AF46557I H. sp. haplotype 19 Alophoixus bres Pycnonotidae East Asia 
AF465572 H. sp. haplotype 20 Afargarops fuscatus, Afargarops fuscus, and Sturnidae N. America! 
Dumetella carolinensis Caribbean 
AF465573 H. sp. haplotype 21 Corvus brachyrhynchos Corvidae N. America 
AF465574 H. sp. haplotype 22 Neocossyphus poensis and Neocossyphus Jraseri Muscicapidae Cameroon 
AF465575 H. sp. haplotype 2 Vireo altiloquus Vireonidae Caribbean 
AF465576 H. sp. haplotype 28 Vireo olivaceus Vireonidae N. America 
AF465577 H. sp. haplotype 29 Vireo griseus Vireonidae N. America 
AF465578 H. sp. haplotype 30 Erythrura prasina Passeridae Asia 
AF465579 H. sp. haplotype 31 Coereba flaveola and Loxigilla noctis Fringillidae Caribbean 
AF465580 H. sp. haplotype 32 Dendroica pensylvanica Fringillidae N. America 
AF46558I H. sp. haplotype 33 Junco hyemalis Fringillidae N. America 
AF465582 H. sp. haplotype 34 Piranga rubra Fringillidae N. America 
AF465583 H. sp. haplotype 35 Piranga olivacea and Piranga rubra Fringillidae N. America 
AF465584 H. sp. haplotype 36 Afargarops fuscatus Sturnidae Caribbean 
AF465585 H. sp. haplotype 37 Afotacilla clara Passeridae Cameroon 
AF465586 H. sp. haplotype 38 V. griseus Vireonidae N. America 
AF465587 H. sp. haplotype 39 Copsychus malabaricus Muscicapidae Asia 
AF465588 H. sp. haplotype 40 Alethe poliocephala Muscicapidae Cameroon 
AF465594 H. sp. haplotype 46 Polyborus plancus Falconidae N. America 
AY099029 P. gallinaceum Gallus gallus Phasianidae Vietnam 
AY099033 P. sp. T. migratorius Muscicapidae N. America 
AY099034 H. sp. Vireo olivaceus Vireonidae N. America 
AY099035 P. sp. Ninox scutulata Strigidae Singapore 
AY099036 P. sp. Larostema inca Laridae N. America (zoo) 
AY099040 H. sylvae haplotype GRWI A. arundinaceus Sylviidae Sweden 
AY099041 P. sp. haplotype GRW4 Acrocephalus arundinaceus Sylviidae Kenya 
AY099042 H. sp. haplotype HLWI Phylloscopus humei Sylviidae India 
AY099043 H. sp. haplotype LCLWlBl9 Phylloscopus occipitalis Sylviidae Europe 
AY099044 P. sp. haplotype ORWlG278 Acrocephalus orientalis Sylviidae Japan 
AY099045 H. majoris Parus caeruleus Paridae Sweden 
AY099063 L. dubreuli Unknown Unknown 
AY099064 L. simondi . , Anas platyrhyncos Anatidae Canada 
AY377128 P. cathemerium Unknown Unknown 
AY540202 H. sp. strain NAlO Vireo olivaceus Vireonidae N. America! 
Caribbean 
AY540203 H. sp. strain NAl2 Cardinalis cardinalis Fringillidae N. America 
AY640126 H. sp. A12 Tachycineta bicolor Hirundinidae N. America 
AY640129 H. sp. A3 Dendroica petechia Fringillidae N. America 
AY640134 P. sp. C3 D. petechia Fringillidae N. America 
AY640135 P. sp. Gl Afelospiza melodia Fringillidae N. America 
AY640136 P. sp. Dl Af. melodia Fringillidae N. America 
AY640137 P. sp. HI Dendroica petechia Fringillidae N. America 
AY640139 H. sp. All Tachycineta bicolor Hirundinidae N. America 
AY640l4l H. sp. A6 T. bicolor Hirundinidae N. America 
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GenBank Parasite species Host species Host family Country 
AY640l43 P. sp. C2 Geothlypis trichas Fringillidae N. America 
AY733087 H. sp. jb2.SEW5I4I Lichenostomus frenatus Meliphagidae Australia 
AY733090 P. relictum isolate jb5.NANOI5 Hemignathus virens Fringillidae N. America 
AY762059 H. sp. DW5384 Unknown Madagascar 
AY76206l P. sp. DW5422 Unknown Madagascar 
AY762062 H. sp. DW54I6 Unknown Madagascar 
AY762066 H. sp. DW5335 Unknown Madagascar 
AY762078 P. sp. RB6I Unknown Madagascar 
DQ2l2I92 H. sp. C033 Dendrocygna javanica Dendrocygnidae Asia 
DQ2l2I93 P. sp. C028 D. javanica Dendrocygnidae Asia 
DQ2l2I94 P. sp. CI13 Gyps tenuirostris Accipitridae 
DQ2l2I95 P. sp. C114 Gyps bengalensis Accipitridae Asia 
DQ2I2I96 P. sp. C175 G. tenuirostris Accipitridae Asia 
DQ2l2l97 H. sp. CI87 Passer montanus Passeridae 
DQ630004 H. pallidus isolate L-PFCI Ficedula hypoleuca Muscicapidae Europe 
DQ630005 H. pallidus isolate L-COLL2 F. hypoleuca Muscicapidae Europe 
DQ630006 H. belopolskyi isolate L-HllCTl Hippolais icterina Sylviidae Europe 
DQ630007 H. balmorali isolate L-LVLUl Luscinia luscinia Muscicapidae Europe 
DQ630008 H. balmorali isolate L-SFCI Muscicapa striata Muscicapidae Europe 
DQ630009 H. payevskyi isolate L-RWI Acrocephalus scirpaceus Sylviidae Europe 
DQ630013 H. minutus isolate L-TURDUS2 Turdus merula Muscicapidae Europe 
DQ6300I4 H. balmorali isolate L-COLL3 M. striata Muscicapidae Europe 
J. Parasitol., 93(6), 2007, pp. 1496-1500 
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A NEW SPECIES OF PARAGONIMUS (TREMATODA: TROGLOTREMATIDAE) 
FROM A CAT INFECTED WITH METACERCARIAE FROM MOUNTAIN CRABS 
LARNAUDIA LARNAUDII 
Jitra Waikagul 
Department of Helminthology, Faculty of Tropical Medicine, Mahidol University, Bangkok 10400, Thailand. e-mail: tmjwk@mahidol.ac.th 
ABSTRACT: The identification of Paragonimus spp. lung flukes is based on the morphology of both the metacercaria and the 
adult. A very small Paragonimus sp. metacercaria was found in a freshwater crab caught in Kanchanaburi Province, West 
Thailand, an area where metacercariae of Paragonimus heterotremus had not been found. The metacercariae cysts were 180-
204 /-Lm in diameter, which was smaller than metacercariae of P. heterotremus. The coefficient of difference in body size between 
this metacercaria and P. heterotremus was 1.69, which was greater than a subspecific difference. Adults recovered from the lungs 
of a cat fed with the metacercariae were morphologically similar to, but smaller than, P. heterotremus dissected from the lungs 
of a feline experimental host. The tegumental spines of the worm in this study were singly spaced in arrangement, which is 
similar to, but larger than, the spines of P. heterotremus. Therefore, Paragonimus pseudoheterotremus is proposed as a new 
species. 
More than 50 species of Paragonimus Braun, 1899, have 
been described from Asia, America, and Africa, although some 
of these species are no longer valid (Blair et aI., 1999). The 
morphology of metacercariae and adults both comprise criteria 
for species identification. The characteristics of the cyst wall, 
size of cyst, and morphology of larvae are used to differentiate 
species at the metacercaria level. Body tegumental spination, 
shape of the ovary, shape and size of testes, ratio of suckers, 
and body shape and size are considered as specific character-
istics of the adult. The morphology is distinct, and identification 
can be made without difficulty. For instance, Paragonimus wes-
termani (Kerbert, 1878) and Paragonimus siamensis Miyazaki 
and Wykoff, 1965 are similar in having a 6-lobed ovary, but 
they differ in tegumental spination, i.e., singly spaced in P. 
westermani, but group-spaced in P. siamensis. Some species are 
very similar and identification based on morphology alone is 
uncertain, i.e., Paragonimus skrjabini Chen, 1959 and Para-
gonimus miyazakii Kamo, Nishida, Hatsushika and Tomimura, 
1961. A combination of molecular and morphological ap-
proaches is needed to determine that P. miyazakii is a subspe-
cies of P. skrjabini (Blair et al., 2005). 
To date, 6 species of Paragonimus lung flukes have been 
reported in humans and animals in Thailand, i.e., P. wesJer-
mani, P. siamensis, Paragonimus heterotremus Chen and Hsia; 
1964, Paragonimus bangkokensis Miyazaki and Vajrasthira, 
1967, Paragonimus harinasutai Miyazaki and Vajrasthira, 
1968, and Paragonimus macrorchis Chen, 1962. The morphol-
ogy of the adults and metacercariae of all species have been 
fully described. The metacercaria of P. heterotremus is very 
small, and in the adult stage, the ventral sucker is much smaller 
than the oral sucker. Paragonimus heterotremus has been rec-
ognized as a distinct species and the morphology of both adults 
and metacercariae are distinctive from other existing Paragon-
imus species (Blair et aI., 2005). 
A very small metacercaria of a Paragonimus sp. lung fluke 
was recovered from crabs collected from a mountain stream in 
Kanchanaburi Province, in west-central Thailand. It was much 
smaller than a P. heterotremus metacercaria. A comprehensive 
study on the new metacercaria based on morphology and met-
rics of metacercaria and adult, experimental definitive hosts, 
Received 8 September 2006; revised 15 December 2006; accepted 1 
June 2007. 
and DNA sequences was carried out. It was concluded that this 
metacercaria represented a new species of Paragonimus. The 
results of the study of this metacercaria are divided into several 
parts, and, in this article, the worm's morphology is described 
and compared with its closely related species P. heterotremus. 
MATERIALS AND METHODS 
Metacercaria collection 
Freshwater crabs, Larnaudia larnaudii (A. Milne Edwards, 1869), 
were collected from a mountain stream in Kanchanaburi Province, west-
central Thailand. The gills and livers of the crabs were examined after 
compression. The bodies and legs were crushed and repeatedly washed 
in water using the sedimentation method. Metacercariae were separated 
from the sediments. The metacercariae were studied and fed to an ex-
perimental cat. 
Crabs also were collected from Saraburi Province, an endemic area 
for P. heterotremus. Metacercariae of P. heterotremus were collected 
and fed to an experimental cat. Metacercariae and adult P. heterotremus 
were compared with the specimens collected in Kanchanaburi Province. 
Adult collection 
Fifty metacercariae of each species were placed on separate pieces 
of animal food and given to a cat. Beginning 1 mo postinfection (PI), 
fecal samples of the animals were examined every week for Paragon-
imus sp. eggs. At 100 days PI, the animals were killed, and the lungs 
were searched for worms. Adult worms were fixed in 10% formalin and 
stained with acetic carmine and fast green. 
Comparison with p, heterotremus 
Measurements of the 2 species were compared by observing the rel-
ative size of the oral and ventral suckers, and the coefficient of differ-
ence' -between metacercaria and adult. The developmental trends were 
predicted by linear scatter plots between the proportion of body length 
and sucker diameter against body length. Proportion was used instead 
of sucker diameter to reduce bias when the specimens were flattened 
for permanent mount (Blair et aI., 2005). 
Coefficients of difference were calculated from mean worm body size 
(Mh = mean of P. heterotremus, Mp = mean of P. pseudoheterotremus) 
and standard deviation (SDh = standard deviation of P. heterotremus, 
SDp = standard deviation of P. pseudoheterotremus) by the formula 
CD = (Mh - Mp) 7 (SDh + SDp) (Mayr, 1978). 
RESULTS 
Prevalence and density of metacercariae 
In total, 163 crabs were collected, and 42 (39.9%) were in-
fected with a single species of Paragonimus metacercariae. Ra-
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FIGURE 1. Metacercariae of Paragonimus lung fluke. (a) Encysted metacercaria of P. pseudoheterotremus. Bar = 100 J.l.m. (b) Encysted 
metacercaria of P. heterolremus. Bar = 100 J.l.m. (c) Excysted metacercaria of P. pseudoheterolremus. Tegumental spines and flame cells on the 
right side are omitted. Bar = 130 J.l.m. 
tio of male:female crabs collected was I :2, and the infected 
crabs was approximately I: I. In total, 284 metacercariae was 
recovered, or an average of 6.7 metacercariae per crab. The 
metacercariae were found in the gills and muscles of the thorax 
and legs. The prevalence of metacercariae in the leg/gill/thorax 
was 153/1 03128 or 6/4/1. 
Recovery in experimental cats 
In the cat, eggs were recovered in fecal samples at 56 days 
PI. Each cat was then killed 100 days PI, and the lungs were 
searched for worm cysts. Five worm cysts were found, with 
2-5 worms in each cyst. The recovery was 38%, i.e., 19 worms 
found/50 infected metacercariae. 
DESCRIPTION 
Paragonimus pseudoheterotremus n. sp 
(Figs. 1- 5) 
Metacercaria (Fig. I): Encysted metacercaria round, small, 186 
(180-204) J.l.m in length and 176 (168- 180) J.l.m in width. Cyst wall 
with 2 layers; inner wall thicker than outer wall (Fig. I a). Cyst smaller 
b 
Ovary -~-~ .~~;::+k--+-- Genital pore 
eminal receptacle -+-,...-,...~~~ 
terus -++-~!:P.;::~~~ 
Common itelline duct-+~~a-' 
eminal vesicle 
cret ry bladder 
FIGURE 2. Whole mount (a) and diagram (b) of ho]otype of Paragonimus pseudoheterotremus; tegumental spines, vitelline follicles, and 
anterior part of excretory bladder are omitted. Bar = 2 mm. 
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FIGURE 3. Tegumental spines. Bar = 25 [Lm. (a) Paragonimus pseu-
doheterotremus. (b) P. heterotremus. 
than cyst of P. heterotremus (Fig. Ib), and with or without bipolar 
thickenings. Excysted metacercaria body broad, oval, 125 (112.5-190) 
[Lm in length and 100 (87.5-112.5) [Lm in width (9 specimens). Oral 
sucker 32 (27.5-37.5) [Lm in diameter. Stylet small. Ceca slender. Ven-
tral sucker slightly larger than oral sucker, 38.7 (35-42.5) [Lm in di-
ameter. Excretory bladder: broad tubular, extending to ceca bifurcation. 
Flame cells observed in 2 specimens; possible formula 2[(2 + 2 + 2) 
+ (2 + 2 + 2)] (Fig. 1c). 
Taxonomic summary 
Host: Freshwater crab, Larnaudia larnaudii (A. Milne Edwards, 
1869). 
Location: Gill, thorax, and leg muscles. 
Locality: Kanchanaburi Province, west-central Thailand. 
Adult (Figs. 2-4): Live worms from lungs pinkish in color; cysts 
voluminous, inactive, and easily broken under pressure. Flattened fixed 
body 10.3 mm in length and 5.6 mm in width (holotype) (Fig. 2). 
Paratypes 10.4 (8.7-12.5) mm in length and 5.6 (4.8-6.3) mm in wiath. 
Body covered with singly spaced tegumental spines (Fig. 3a); anterior 
spines about 25 [Lm long; spine size reduced posteriorly. Oral sucker 
570 (481-911) [Lm in diameter. Pharynx large 393 (315-472) [Lm in 
diameter; esophagus very short; ceca long and folded dorso-ventrally, 
ending at posterior end close to excretory pore. Ventral sucker situated 
slightly anterior to mid-body, measuring 480 (430-531) [Lm in diameter; 
smaller than oral sucker. Ratio of oral sucker:ventral sucker 3:2. Testes 
with 5 main branches, less delicate brancqe,5 than ovary; variable in 
secondary branches and sizes. Two testes posterior to ventral sucker, 
opposite, lateral to excretory tube; most of testes located latero-ventral 
to each cecum. Sperm duct arises from each testis, runs anteriorly; even-
tually, sperm ducts join, forming a short, single sperm duct before open-
ing into seminal vesicle. Seminal vesicle long, tubular; extends forward 
to posterior border of ventral sucker. Ejaculatory duct relatively long, 
opening into genital pore lateral to metraterm. Prostate glands numer-
ous; located at mid-length of ejaculatory duct. Ovary profusely 
branched, located postero-Iateral to ventral sucker, 66 X 91 [Lm. Seminal 
receptacle very small , Mehlis' glands numerous. Uterus short; coils into 
several small loops, opposite ovary. Vitellaria densely distributed lat-
erally from anterior to posterior end of body. Genital pore at posterior 
border of ventral sucker. Egg brown; symmetrical, shell relatively thin 
and equal in thickness, operculum wide; 14 vitelline eggs 89.9 (81.6-
96.7) [Lm in length and 46 (40.8-51.0) [Lm in width (Fig. 4). Excretory 
bladder thin-walled, extends anteriorly to ceca bifurcation. 
FIGURE 4. Egg of Paragonimus pseudoheterotremus. Bar = 50 [Lm. 
Taxonomic summary 
Host: Cat, Felis silvestris calUs Ragni and Randi, 1986 (experimen-
tal). 
Location: Lungs. 
Type deposition: Holotype: Mahidol University, Faculty of Tropical 
Medicine, Department of Helminthology, Thailand-MUTMHM25491. 
Paratypes : Meguro Parasitological Museum (Tokyo, Japan)-
MPM18849, U.S. National Parasite Collection (Beltville, Maryland)-
USNPC99374. 
Remarks 
Paragonimus pseudoheterotremus is smaller (Fig. 5) than P. heter-
otremus. However, some specimens overlapped in size, although worms 
of both species were the same age (l00 days PI) and from the same 
host species (cat). To investigate differences between the 2 species in 
development, the proportion of body length and sucker diameter were 
plotted against body length of both metacercariae (Fig. 5a) and adult 
stages (Fig. 5b). Proportional values were used instead of the true sizes 
of the suckers to reduce any bias that may occur due to the flattening 
of specimens for permanent mount. The graph of the proportional values 
gave an opposition appearance to the true values; if the proportional 
value was large, the true value was small. For example, the ventral 
suck~ is smaller than the oral sucker in the adult stage, but the pro-
portion for the ventral sucker was larger than that for the oral sucker. 
At a glance, both species seemed similar in having a larger ventral 
sucker than the oral sucker in the metacercaria stage, but smaller than 
the adult. However, the gap in the sucker sizes and the lines on the 
plots showed different trends of development or relative growth for the 
suckers of the 2 species. In the metacercaria, the suckers of P. pseu-
doheterotremus were only slightly different in size and both suckers 
were decreased in size, while body length was increased. However, in 
P. heterotremus, only the ventral sucker decreased in size when the 
body length increased, and the oral sucker size tended to remain similar 
(Fig. 5a). The constant size trend of the oral sucker of P. heterotremus 
was consistent in the adult stage, where only the ventral sucker diameter 
was reduced when the worm became larger. For adult P. pseudoheter-
otremus, the oral sucker was slightly larger and the ventral sucker was 
smaller when the body length increased (Fig. 5b). 
Because the size of P. pseudoheterotremus and P. heterotremus is an 
important characteristic in discriminating the 2 species, the sizes of both 
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FIGURE 5. Comparative measurement of Paragonimus pseudohet-
erotremus and P. heterotremus represented by linear of scatter plots 
between proportion of body length and sucker diameters against body 
lengths of (a) excysted metacercariae and (b) adults: ., P. heterotre-
mus-body length/ventral sucker; ., P. heterotremus-body length/oral 
sucker; .A., P. pseudoheterotremus-body length/ventral sucker; e, P. 
pseudoheterotremus-body length/oral sucker. 
metacercariae and adult stages were compared. The means and standard 
deviations of the metacercaria and adult body lengths of both species 
were calculated. Then, the coefficients of difference were calculated. 
The coefficient of difference of the metacercaria was 1.69 and the adult 
1.01. A coefficient of difference> 1.34 is regarded as being above con-
ventional subspecific difference (Mayr, 1978). According to the coeffi-
cient values of the metacercaria, the 2 species are regarded as distinct. 
. ' 
DISCUSSION 
Metacercariae of Paragonimus lung flukes have appeared in 
crabs or crayfish second intermediate hosts as both encysted 
and non-cysted. Most species reported were in the cyst form, 
but the Paragonimus mexicanus Miyazaki and Ishii, 1968, 
metacercaria had not formed a cyst and actively migrated in 
the hepatoma of the crab (Waikagu1 et aI., 2003). The metacer-
caria cyst of most species has a 2-layered cyst wall, thick out-
side and thin inside. The P. macrorchis metacercaria has a sin-
gle-layered thin wall (Waikagu1 et aI., 1989). The cysts of most 
species were larger than 300 fLm, and only the P. heterotremus 
cyst was small, not exceeding 250 fLm. Another species whose 
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metacercaria was small (Chung et aI., 1975), is Paragonimus 
tuanshanensis Chung, Ho, Cheng and Tsao, 1964, a species 
now considered as a synonym of P. heterotremus. The meta-
cercaria cyst of P. pseudoheterotremus is 180-200 fLm, smaller 
than all other species of Paragonimus. The coefficient of dif-
ference for the metacercaria between the closely similar species, 
P. heterotremus and P. pseudoheterotremus, showed a coeffi-
cient of difference value > 1.34, the marginal value for subspe-
cies difference. Paragonimus pseudoheterotremus definitely 
differed from P. heterotremus and other species. 
The shape of the ovary (6-lobed or highly branched) is an 
important point for species differentiation; P. pseudoheterotre-
mus and P. heterotremus both have highly branched ovaries. 
Moreover, the ventral sucker is smaller than the oral sucker and 
they both have singly spaced spines. However, the spines of P. 
pseudoheterotremus were larger than those of P. heterotremus. 
The relative growth of the ventral and oral suckers of the 2 
species showed different trends. Whereas the coefficient of dif-
ference of the adults does not alone make a convincing argu-
ment for a separate species, differences in adult tegumental 
spine size and relative growth of suckers, confirm that P. pseu-
doheterotremus and P. heterotremus are separate species. Com-
bining metacercaria morphology with the differences in the 
adults, it can be concluded that P. pseudoheterotremus is a dis-
tinct species from P. heterotremus and a new species of lung 
fluke . 
Paragonimus pseudoheterotremus is clearly distinct from all 
of the 6 known species in Thailand, i.e., P. westermani, P. 
siamensis, P. bangkokensis, P. macrorchis, and P. harinasutai. 
The metacercariae of these species are large and globular, much 
different from those of P. pseudoheterotremus. Adult P. wes-
termani and P. siamensis have 6-10bed ovaries, and P. macror-
chis and P. bangkokensis have group-spaced tegumental spines, 
whereas P. harinasutai has oral and ventral suckers of equal 
SIze. 
Whereas the Thai strain of P. heterotremus was unable to 
develop into a sexually mature adult fluke in the rat, it could 
do so in the cat (Sugiyama et aI., 1990). We also were able to 
confirm that P. heterotremus is unable to use the rat as a defin-
itive host, but P. pseudoheterotremus has developed into a fully 
mature adult in many species of rodents. Details regarding ex-
perimental definitive hosts of P. pseudoheterotremus will be 
reported elsewhere. 
In India, P. heterotremus was first reported in Manipur, 
where metacercaria infected the freshwater crab Potamiscus 
manipurensis (Kemp, 1923); however, this strain could not de-
velop to the adult stage in experimental rats (Singh and Singh, 
1997; Singh, 2002). In contrast, metacercariae from the fresh-
water crab, Barytelphusa lugubris Alcock, 1910, collected from 
Arunachal Pradesh, India, were reported to develop into sexu-
ally mature adults in Wistar rats. In that report, the metacer-
cariae measured 654-750 fLm in length and 523-636 fLm in 
width, which is too large for metacercariae of P. heterotremus; 
moreover, a description of metacercaria was not provided (Na-
rain et aI., 2003). The worm in their study was definitely not 
P. heterotremus, whose metacercaria measure only about 250 
fLm. However, the susceptibility of a rat to a Chinese strain of 
P. heterotremus was reported for metacercaria infecting So-
manniathelphusa nanningensis Naiyanetr and Dai, 1997, col-
lected from Guangxi, China (Hu, 1998; Yan et aI., 1998). It is 
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possible that the rat-susceptible P. heterotremus Chinese strain 
was actually P. pseudoheterotremus, but further investigation is 
needed to confirm this hypothesis. 
Reports of paragonimiasis in Thailand began in 1928, with 
patients from Petchabun Province, northern Thailand (Prom-
mas, 1928). Twenty years later, new endemic foci were recog-
nized in central Thailand, i.e., in Nakhon Nayok and Saraburi 
provinces (Harinasuta et aI., 1957; Vajrasthira et aI., 1959; Sir-
isampan, 1962; Vajrasthira, 1969). Since then, paragonimiasis 
cases have been sporadically reported in humans and animals. 
Human cases were reported from mountainous areas in the 
northern, central, and eastern parts of the country, but not from 
the south. The northern endemic areas included Mae Hong Son, 
Chiang Rai, Lamphun, Nan, Uttaradit, Petchabun, Phitsanulok, 
and Tak provinces. Reports from the central region came from 
Nakhon Nayok, Saraburi, Kanchanaburi, and Ratchaburi prov-
inces. A few cases were reported from Chantaburi Province, in 
eastern Thailand. Reports in animals were more extensive, with 
metacercariae of Paragonimus occurring in all parts of the 
country, including the south-Chumphon and Surat Thani prov-
inces, and Udon Thani, Roi Et, Sakhon Nakhon, Khon Kaen, 
and Loei provinces in the northeast (Waikagul and Yoonuan, 
2005; Watthanakulpanich et aI., 2005). Thus, metacercariae are 
widely distributed throughout the country, but human infection 
will depend on the eating habits of the local population, and, 
in the case of paragonimiasis, whether they consume raw crabs. 
Southern Thailand residents rarely eat raw meat, and the lack 
of any report of human paragonimiasis is not unexpected. Con-
versely, the people in the northeast are fond of eating raw meat, 
but no human cases have been reported in the region. Meta-
cercariae distributed in the northeast apparently belong to an 
animal species. Therefore, the reasons for the lack of human 
infection in the south and northeast are different. Whether P. 
pseudoheterotremus is able to infect humans remains to be in-
vestigated. There was a report of 1 paragonimiasis heterotremus 
case from Kanchanaburi Province. However, P. heterotremus 
metacercariae had not yet been found in the crabs in our study. 
Whether the reported case was infected with P. heterotremus 
or P. pseudoheterotremus remains to be investigated. 
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ASEXUAL GROWTH OF BABESIA BOVIS IS INHIBITED BY SPECIFIC 
SULFATED GL YCOCONJUGATES 
Sabine Bork, Naoaki Yokoyama*t, Shintaro Hashiba*, Kazuya Nakamura*, Noriyuki Takabatake*, Masashi Okamura:j::, 
Yuzuru Ikehara§, and Ikuo Igarashi* 
Institute for Comparative Tropical Medicine and Parasitology, University of Munich, 80802 Munich, Germany. 
e-mail: yokoyama@obihiro.ac.jp 
ABSTRACT: In the present study, inhibitory effects of several sulfated and nonsulfated glycoconjugates were evaluated on the in 
vitro asexual growth of Babesia bovis, Among the selected sulfated glycoconjugates, dextran sulfate, heparin, heparan sulfate, 
fucoidan, and chondroitin sulfate B strongly inhibited the parasitic growth, and all but chondroitin sulfate B induced a significant 
accumulation of extracellular merozoites in culture. In contrast, chondroitin sulfate A, keratan sulfate, and protamine sulfate, as 
well as nonsulfated dextran and hyaluronic acid, did not influence the growth. These findings indicate that the asexual growth 
of B. bovis merozoites is inhibited by specific sulfated glycoconjugates, possibly providing us with an important insight into the 
molecular interaction(or interactions) during the process of the erythrocyte invasion by B. bovis merozoites, 
Babesia bovis is a tick-transmitted intraerythrocytic apicom-
plexan protozoan of cattle, in which the infection is responsible 
for enormous economic losses in the livestock industry (Kuttler, 
1988; Bock et aI., 2004). During the asexual growth cycle in a 
natural host, Babesia spp. merozoites invade the host red blood 
cells (RBC) via multiple interactions of several protozoan ad-
hesive ligands with unknown receptors on the host cell surface, 
and then divide within the infected RBC (Yokoyama et aI., 
2002, 2006). Finally, the Babesia spp. parasites destroy the 
RBC, resulting in severe clinical symptoms, such as high fever, 
anemia, hematuria, and hemoglobinuria (Homer et aI., 2000). 
Therefore, understanding the basic molecular interaction (or in-
teractions) in the process of RBC invasion by Babesia spp. 
merozoites may accelerate successful development of new ther-
apeutic and preventive measures for babesiosis (Yokoyama et 
aI., 2005; Bork et aI., 2005). 
Recently, we reported that heparin, a highly sulfated glyco-
conjugate, preferably binds to the surface of B. bovis merozoites 
and inhibits the subsequent invasion of the host RBC, showing 
50% inhibition concentrations (ICso) values of 30-410 fLg/ml 
(Bork et aI., 2004). Because of the characteristic similarities 
between heparin and heparan sulfate (HS) (Casu and Lindahl, 
2001), HS-like glycosaminoglycans were suggested to be lo-
cated on the surface of RBC, acting as host receptors for the 
heparin-binding molecule (or molecules) of B. bovis merozoites 
(Bork et al., 2004). Several sulfated glycoconjugates, including 
heparin, fucoidan, and dextran sulfate, were reported to inhibit 
the invasion of RBC and hepatocytes by Plasmodium Jalcipa-
rum merozoites and Plasmodium berghei sporozoites, respec-
tively (Pancake et al., 1992; Xiao et aI., 1996; Barragan et aI., 
2000). Chondroitin sulfate A prevented P. Jalciparum-infected 
RBCs from binding to the endotheliu{u of various organs, such 
as the placenta (Fried and Duffy, 1996). In contrast, protamine 
sulfate, hyaluronic acid, keratan sulfate, and nonsulfated dex-
tran had no inhibitory or adhesive effects on P. Jalciparum 
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(Xiao et aI., 1996; Chaisavaneeyakorn et al., 2004). Thus, sev-
eral studies testing sulfated glycoconjugates as molecular com-
petitors have implicated various molecular interactions between 
sulfated glycosaminoglycans on the surface of host cells and 
hemoprotozoan adhesive ligands. 
In the present study, we evaluated the inhibitory effects of 
several sulfated glycoconjugates, including dextran sulfate 
(DS), heparin, chondroitin sulfate A (CS-A), chondroitin sulfate 
B (CS-B), keratan sulfate (KS), heparan sulfate (2 preparations, 
i.e., HS-1 and HS-2), fucoidan (2 preparations, i.e., Fuco-1 and 
Fuco-2), and protamine sulfate (ProS), on the in vitro growth 
of B. bovis in comparison with the effects of nonsulfated gly-
coconjugates, i.e., dextran and hyaluronic acid (HA). Finally, 
we discuss the possible mechanisms whereby the specific sul-
fated glycoconjugates interfered with the asexual growth of 
merozoites. 
MATERIALS AND METHODS 
Parasite and culture 
The Texas strain of B. bovis (Palmer et al., 1991) was grown in 
purified bovine RBCs and medium M199 (Sigma-Aldrich, St. Louis, 
Missouri), supplemented with 40% bovine serum, in a microaerophilous 
stationary-phase culture system as described previously (Bork et al., 
2003). 
Glycoconjugates 
The glycoconjugates were obtained from the following suppliers: DS 
5, 10, and 500K; dextran 10, 35-45, and 500K; CS-A; CS-B; Fuco-1; 
ProS; HA; and heparin from Sigma-Aldrich; DS (36-50K) from ICN 
Biomedicals, Inc. (Eschwege, Germany); Fuco-2 from Spectrum Chem-
icals MFG Corp. (New Brunswick, New Jersey); KS and HS-1 derived 
from bovine kidneys, from Seikagaku Co. (Tokyo, Japan); and HS-2 
derived from porcine intestinal mucosa, from U.S. Biological (Swamp-
scott, Massachusetts). Stock solutions were prepared in medium M199 
(Sigma-Aldrich), adjusted to pH 7.2, and stored at 4 C until used. 
In vitro growth inhibition assays 
The in vitro growth inhibition assays were conducted according to 
previous reports (Bork et al., 2004, 2006). Preparations of various drug 
concentrations (dextran 10, 35-45, and 500K: 1.25-10 mg/ml; DS 5, 
10, and 500K: 6.25-100 fLg/ml; heparin, CS-A, CS-B, KS, HS-l, 
HS-2, Fuco-1, Fuco-2, ProS, and HA: 1 mg/ml) were suspended in the 
B. bovis culture and replaced daily for a period of 3 consecutive days. 
The parasitemia was determined daily by visual observation of Giemsa-
stained thin films, counting the number of parasites per 1,000 RBCs; 
the percentage of extracellular (free) merozoites was calculated 12 hr 
after culture initiation as follows: parasitemia (%) = (number of in-
fected RBCs/number of total RBCs) X 100; percentage of free mero-
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FIGURE 1. In vitro growth rates of Babesia bovis in the presence of different concentrations of dextran sulfate 10K (A) and dextran 10K (B). 
An asterisk indicates a significant difference (P < 0.05) between the drug-treated and control groups. Each value represents the mean :+: standard 
deviation (SD) in a representative of 3 separate trials carried out in triplicate. 
zoites = (number of free merozoites/number of total parasites) X 100. 
On the third experimental day, parasitemia was reevaluated for the per-
centage of growth inhibition relative to the control parasitemia in the 
nontreated culture: growth inhibition (%) = (I - [(parasitemia in the 
treated culture)l(parasitemia in the control culture)]) X 100. The ICso 
values were determined on day 3 of culture initiation after curve-fitting 
as described previously (Bork et aI., 2004). The drug concentrations 
were chosen according to the results obtained in our preliminary ex-
periments (data not shown). The assays were carried out in 3 wells for 
each treatment in 3 separate experiments. 
Statistical analyses 
Differences in all of the percentages were statistically analyzed by 
the independent Student's t-test, with a value of P < 0.05 representing 
a significant difference. 
RESULTS 
Comparison of the inhibitory effect of dextran sulfate with 
that of nonsulfated dextran 
The addition of 50 or 100 fLg/ml DS 10K led to the entire 
arrest of in vitro growth of B. bovis (Fig. lA), unlike dextran 
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FIGURE 2. Percentage of free merozoites in the dextran sulfate 10K-
treated cultures of Babesia bovis (25 to 100 /Lg/ml). The values were 
determined 12 hr after culture initiation. An asterisk indicates a signif-
icant difference (P < 0.05) between the drug-treated and control groups. 
Each value represents the mean :+: SD in a representative of 3 separate 
trials carried out in triplicate. 
10K (Fig. IB). Twenty-five micrograms per milliliter DS 10K 
suppressed parasite reproduction, but did not clear the parasites 
from the host RBC. Morphologically, the treatment with DS 
10K caused a significant accumulation of free merozoites as 
compared to the untreated control or dextran 10K treatment. 
The apparent percentages of free merozoites in the presence of 
25, 50, and 100 fLg/ml of DS 10K reached their averages of 42, 
76, and 81%, respectively, at 12 hr after culture initiation, 
whereas only 12 and 10% of the free merozoites in the control 
and 100 fLg/ml dextran-treated cultures, respectively, were ob-
served (Fig. 2). 
To exclude any potential incidental effects of 1 particular DS 
or dextran preparation, we performed further in vitro experi-
ments using different sources of DS and dextran with various 
molecular weights as summarized in Table I. In all DS prepa-
rations (5, 10, 36-50, and 500K), parasite reproduction was 
inhibited, with IC50 values ranging from 25 to 120 fLg/ml, 
whereas none of the dextran preparations (10K, 35-45K, and 
500K) affected in vitro reproduction, even at 10 mg/ml, the 
highest concentration tested in the present study (Table I, Fig. 
IB). 
TABLE I. Effects of various dextran sulfate and dextran preparations on 
the in vitro growth of Babesia bovis. 
Molecular 
weight 
Preparation (kDa) Sulfation* Charge*t ICso value:!: 
Dextran sulfate 5 High 100/Lg/ml 
10 High 25/Lg/ml 
36-50 High 37 /Lg/ml 
500 High 120 /Lg/ml 
Dextran 10 Neutral >10 mg/ml 
35-45 Neutral >10 mg/ml 
500 Neutral >10 mg/ml 
* Relative degrees of sulfation and charge were adopted according to the indica-
tions provided by the suppliers and literature: high (> 12%), - (unsulfated). 
t Minus sign (-) indicates highly negative charge; neutral indicates no bias on 
the charge. 
:j: Determined on the third day postculture initiation. 
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TABLE II. Effects of various glycosarninoglycans on the in vitro growth of Babesia bovis. 
Molecular % Growth Free 
Glycosaminoglycan weight (kDa) Sulfation* Charge* inhibitiont merozoitest 
Heparin ND§ High 2- 100:': 011 82.7 :': 8.311 
CS-A ND§ Low 3- 0.7 :': 2.1 6.7 :': 1.5 
CS-B ND§ Low 3- 41.5 :': 3.511 2.3 :': 1.7 
KS 13.0 Low 1- 0.6:': 3.1 0.97 :': 1.7 
HS-l 11.0 Medium 2- 17.0 :': 7.611 44.3 :': 3.811 
HS-2 10.0 Medium 2- 91.9 :': 1.511 45.0:': 511 
Fuco-1 66.4 Low 1- 100:': 011 67.6 :': 10.711 
Fuco-2 ND§ Low 1- 100:': 011 84.0:': 1011 
ProS 5.1 Low 2+ 11.2 :': 7.6 4.7 :': 1.2 
HA 757 1- 7.0 :': 7.4 0:':0 
* The degrees of sulfation and charge were adopted according to the indications provided by the suppliers and literature: low «7.5%), medium (>7.5% <12%), high 
(>12%); -/+ show negative/positive charge: I (low), 2 (medium), 3 (high). 
t Determined on the third day postculture initiation. 
:\: Determined as the percentage of free merozoites relative to the respective control, 12 hr postculture initiation. 
§ NO: No data available. 
liP < 0.05 (vs.) control. 
Effects of the other sulfated glycoconjugates on the 
in vitro growth of B. bovis 
Hypothesizing that the sulfation and negative charge of gly-
coconjugates might play essential roles in the inhibition of par-
asitic growth, we additionally tested various sulfated glycocon-
jugates, including heparin, CS-A, CS-B, KS, HS-l, HS-2, 
Fuco-l, Fuco-2, and ProS, for their inhibitory effects on the in 
vitro reproduction by B. bovis. Strong antiparasitic effects were 
observed in cultures treated with 1 mg/ml of heparin, CS-B, 
HS-l, HS-2, Fuco-l, and Fuco-2, displaying the percentages of 
growth inhibition of 100, 41.5, 17, 91.9, 100, and 100%, re-
spectively (Table II). Except for CS-B, treatments with these 
sulfated glycoconjugates induced an abnormal accumulation of 
free merozoites at 12 hr after culture initiation. In contrast, 
CS-A, KS, and ProS, as well as nonsulfated HA, did not influ-
ence the parasite's reproduction or appearance of free merozo-
ites (Table II). 
DISCUSSION 
In the present study, all DS preparations, but none of the 
nonsulfated dextran preparations, significantly inhibited the in 
vitro reproduction by B. bovis, displaying IC50 values of 25-
120 fLg/mi. The percentage of free merozoites significantly in-
creased in the DS-treated cultures in a dose-dependent manner, 
probably through a blocking effect by DS on the RBC invasion 
of merozoites. There is also, howeyar, the possibility that free 
merozoites lose their motility because of the direct toxicity of 
the sulfated glycoconjugates. The other sulfated and negatively 
charged glycoconjugates, i.e., heparin, CS-B, HS-l, HS-2, 
Fuco-l, and Fuco-2, also significantly inhibited the in vitro 
growth of B. bovis, except for CS-B, which induced an abnor-
mally high accumulation of free merozoites. In contrast, ProS, 
a sulfated but positively charged glycoconjugate, as well as the 
sulfated and negatively charged CS-A and KS, did not affect 
the reproduction of B. bovis even in high concentrations. Ac-
cordingly, adding sulfates or the negative charge of glycocon-
jugates cannot fully explain the mechanism by which the re-
productive inhibition occurred. Similar observations have been 
made for species of Plasmodium, where particular kinds of sul-
fated glycoconjugates showed unique activities for various mo-
lecular competitions between the parasites and the host cells, 
whereas KS failed to inhibit the interactions (Carlson et al., 
1992; Pancake et aI., 1992; Fried and Duffy, 1996; Xiao et aI., 
1996; Beeson et al., 2000; Chaisavaneeyakorn et aI., 2004). The 
unknown chemical structure (or structures), in conjunction with 
adding sulfate groups and negative charge characteristics, might 
also play an important role (or roles) as molecular competitors 
in blocking the parasites' invasion of bovine RBCs. Further 
studies are required to clarify these issues. 
Assuming that the heparin-binding molecule (or molecules) 
on the merozoites recognizes the HS-like glycosaminoglycans 
on the surface of RBC as a binding partner (Bork et al., 2004; 
Vogt et aI., 2004), the particular sulfur glycoconjugates may 
interfere competitively with the molecular interactions between 
the heparin-binding molecule (or molecules) and HS-like gly-
cosarninoglycans. At present, several B. bovis proteins, i.e., 
MSA-l, MSA-2, RAP-I, BbTRAp, and BbAMA-l, have been 
postulated as adhesive ligands to recognize host receptors (Sua-
rez et al., 2000; Florin-Christensen et al., 2002; Mosqueda, 
McElwain, and Palmer, 2002; Mosqueda, McElwain, Stiller, 
and Palmer, 2002; Yokoyama, Suthisak et aI., 2002; Gaffar et 
aI., 2004a, 2004b; Yokoyama et aI., 2006). Because the corre-
sponding receptors of these adhesive ligands are unknown, our 
next major interest is to elucidate the possible involvement of 
these ligands in the molecular interference by particular sulfur 
glycoconjugates. 
In conclusion, particular types of sulfur-containing and neg-
atively charged glycoconjugates, including heparin, DS, HS-l, 
HS-2, Fuco-l, and Fuco-2, have been found to induce certain 
antiparasite activities, possibly even targeting the invasion pro-
cess of B. bovis to the host RBCs. It is hoped that the infor-
mation generated in the present study will facilitate a better 
understanding of the molecular mechanism of RBC invasion by 
B. bovis, and ultimately pave the way for the successful devel-
opment of new therapeutic and preventive measures against bo-
vine babesiosis. 
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NEW INSECT SYSTEM FOR TESTING ANTIBIOTICS 
Shajahan Johny, Carlos E. Lange*, Leellen F. Soltert, Amber Merisko, and Douglas W. Whitman:j: 
Department of Biology, Illinois State University, Normal, Illinois 61790-4120: e-mail: dwwhitm@ilstu.edu 
ABSTRACT: New and efficient methods to screen antibiotics are needed to counter increased antibiotic resistance in pathogens 
and the emergence of new diseases. Here we report a new insect model for screening antibiotics in vivo using the grasshopper 
Rornalea rnicroptera. The system is inexpensive, efficient, and flexible, avoids animal-welfare problems, and can be used to test 
against most major pathogenic groups. We employed this system to test II commercial antibiotics against a pathogenic Enceph-
alitozoon species (Microsporidia). Oral treatment with fumagillin or thiabendazole significantly reduced pathogen spore counts, 
whereas spore counts of grasshoppers fed with albendazole, ampicillin, chloramphenicol, griseofulvin, metronidazole, sulfadi-
methoxine, or tetracycline were not significantly different from the infected controls. Quinine produced a distinct, but nonsignif-
icant, reduction in spores, and streptomycin a nonsignificant increase in spores. Although 2 antibiotics significantly reduced spore 
counts, in no case was the pathogen totally eliminated. This study demonstrates the validity of this system as a method to screen 
antibiotics. It also corroborates the difficulty researchers and physicians have had in treating micro sporidia infections, and suggests 
that quinine and related alkaloid compounds should be further examined as possible therapeutic agents against this group of 
ubiquitous pathogens. In addition, streptomycin and related compounds should be tested to determine if this widely used antibiotic 
enhances microsporidiosis, 
Because of increased antibiotic resistance in pathogens (Ako-
va, 2006), the emergence of new diseases (Curry, 2004), and 
the translocation of formerly restricted diseases into new geo-
graphic areas (Gaughan, 2002), there is a need to develop more 
efficient and inexpensive methods of screening and testing large 
numbers of candidate antibiotics, In this paper we propose us-
ing lubber grasshoppers, Romalea microptera (Beauvois), as a 
model system to test antimicrobials in vivo, Lubber grasshop-
pers serve as a good system to screen antibiotics because they 
are docile, sluggish, flightless, large, and long-lived, can be 
cheaply reared in large numbers (Matuszek and Whitman, 
2001), and avoid many of the problems associated with using 
vertebrates as test organisms (Animal Welfare Information Cen-
ter, 2007), In addition, grasshoppers are susceptible to all major 
taxonomic groups of pathogens, including viruses, rickettsiae, 
bacteria, fungi, protozoa, and nematodes (Street and McGuire, 
1990), As such, this system is amenable to testing against a 
wide diversity of pathogenic groups, Finally, drugs effective 
against insect pathogens may also be effective against conge-
neric vertebrate pathogens, In short, invertebrates, such as 
grasshoppers, can be used for initial screening of candidate an-
tibiotics for potential use against vertebrate pathogens, 
To demonstrate the efficacy of our system, we tested 11 -com-
mercial antibiotics against a new species (C, Lange, pers, 
comm,) of Encephalitozoon (Microsporidia), Species of this ge-
nus normally infect vertebrates and are responsible for most 
human microsporidial infections (Bryan and Schwartz, 1999; 
Wittner and Weiss, 1999; Deplazes et aI., 2000; Didier et aI., 
2004; Didier, Bowers et aI. 2005; Didier and Weiss, 2006; Kak-
rania et aI., 2006), Overall, the ~ 1",200 described species of 
microsporidia attack an extremely wide range of hosts (Wittner 
and Weiss, 1999; Deplazes et aI., 2000; Solter and Becnel, 
2000; Didier, 2005; Johny et aI., 2006) and have substantial 
economic and health impacts (Brasil et aI., 1996; Gumbo et aI., 
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1999; Didier, 2005; Didier and Weiss, 2006; Kakrania et aI., 
2006), They harm fisheries (Wittner, 1999; Lorn and Nilsen, 
2003), apiculture (Wittner, 1999; Didier, 2005), and sericulture 
(Rao et aI., 2004, 2005) and can disrupt pest control when bi-
ological control agents become infected (Becnel and Andreadis, 
1999; Kent, 2000; Slifko et aI., 2000), Microsporidiosis is es-
pecially problematic in insect laboratory colonies and large-
scale insectary production and is notoriously difficult to control 
(Goodwin, 1984; Singh and Moore, 1985; Boohene et aI., 2003; 
van Frankenhuyzen et aI., 2004), Given the importance of mi-
crosporidians as human and animal pathogens and their refrac-
toriness to current antibiotics, there is an ongoing need to iden-
tify and evaluate new therapeutic agents against this group, 
MATERIALS AND METHODS 
Insect host and microsporidians 
All experiments were conducted on eastern lubber grasshoppers, R, 
rnicroptera, obtained from the stock colony at Illinois State University 
(Matuszek and Whitman, 2001). The colony was established in 1997 
from grasshoppers collected from Copeland, Florida, and was aug-
mented with grasshoppers obtained from Week's Island, Louisiana. A 
survey of the colony in 2003 found that 100% of sampled insects were 
infected with a microsporidian. Molecular, morphological, and life-his-
tory analysis showed this to be a new species of Encephalitozoon, the 
first species of this genus reported from an invertebrate and the first, to 
our knowledge, with no direct association with infected mammals (c. 
Lange, pers. comm.), 
Compounds tested 
We selected and tested the following II commercially available prod-
ucts, based on their having either known antimicrosporidian activity or 
diverse structure: albendazole, powder, 100% methyl 5-(propylthio)-2-
benzimidazole carbonate (Sigma-Aldrich Inc" St. Louis, Missouri); am-
picillin, sodium salt, 100% monosodium D-( - )-6-(2-amino-2-phenyl-
acetamido )-3,3-dimethyl-7-oxo-4-thia-l-azabicyclol3.2.0]heptane-2-
carboxylate (Research Products International, Mt. Prospect, Illinois); 
chloramphenicol, powder, 100% 2,2-dichloro-N-(2-hydroxy-l-lhy-
droxymethyl]-2-l4-nitrophenylJethyl)-, (R-[R*,R *]) (Research Products 
International); fumagilin-B (fumagillin), powder, 2.1 % bicyclohexylam-
monium fumagillin (Medivet Pharmaceuticals Ltd., High River, Alberta, 
Canada); griseofulvin, powder, 95% (2S,6'R)-7-chloro-2' ,4,6-trime-
thoxy-6' -methyl-3H,4'H-spiroll benzofuran-2,1' -cyclohex[2]eneJ-3,4'-
dione (Sigma-Aldrich); metronidazole, powder, 100% (l-(beta-hydroxy-
ethyl)-2-methyl-5-nitroimidazole (Sigma-Aldrich); quinine hemisulfate, 
salt, 94% (9R)-6' -methoxycinchonan-9-01 (Sigma-Aldrich); streptomy-
cin sulfate, powder, 100% 0-2-deoxy-2-(methylamino)-alpha-L-gluco-
pyranosyl-( 1-2)-O-5-deoxy-3-C-formyl-alpha-L-lyxofuranosyl-( 1-4 )-N, 
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TABLE I. Dosage for each of 11 antibiotics tested against a microsporidian pathogen, Encephalitozoon sp., infecting Romalea microptera grass-
hoppers. See methods section for explanation of terms and methods used. 
Mean dosage per individual grasshopper Mean dosage 
Dosage offered Dosage consumed 
Treatment group (mg/day) (mg/day) :+: SE* 
Control None:j: None:j: 
Albendazole 1.00 0.84 :+: 0.16 
Ampicillin 5.00 3.77 :+: 1.03 
Chloramphenicol 5.52 4.19 :+: 0.51 
Fumagilin-B 0.10 0.10 :+: 0.00 
Griseofulvin 5.52 4.66:+: 1.01 
Metronidazole 0.10 0.06 :+: 0.03 
Quinine 2.96 2.47 :+: 0.34 
Streptomycin 5.00 4.59 :+: 0.48 
Sulfadimethoxine 0.38 0.10 :+: 0.03 
Tetracycline 5.26 4.73 + 0.49 
Thiabendazole 0.68 0.53 :+: 0.16 
* Not all individuals consumed a full dosage each day. 
t [Mean dosage consumed/animal/day J/average mass of a typical male 
:j: The control group was fed carrot leaf juice with no additives. 
N' -bis-( aminoiminomethy 1)-D-streptam ine (Research Products Interna-
tional); sulfadimethoxine, powder, 100% 4-amino-N-[2,6-dimethoxy-4-
pyrimidinyl]-benzenesulfonamide, (sodium salt) (Sigma-Aldrich); tet-
racycline HCI, powder, 100% 2-naphthacenecarboxamide, 4-(dimethyl-
amino)-1 ,4,4a,5,5a,6,11, 12a-octahydro-3,6, 1 0, 12, 12a-pentahydroxy-6-
methyl-l,ll-dioxo-, (4S-[ 4alpha,4aalpha,5aalpha,6beta, 12aalphaJ) 
(Research Products International); and thiabendazole, powder, 99% 2-
(4' -thiazolyl) benzimidazole (Sigma-Aldrich). 
Preparation of test compounds 
We prepared oral dosages of the various antibiotics by mixing them 
with juice from fresh carrot (Daucus carota) leaves, a strong phago-
stimulant for R. microptera. The juice was prepared using a commercial 
juicer, then filtered through cheesecloth. No water was added. The wa-
ter-soluble drugs were directly mixed with the filtrate. The hydrophobic 
drugs (griseofulvin, metronidazole, and quinine) were first mixed with 
dry powdered sucrose, then blended into the pure juice to produce sus-
pensions. Grasshoppers were each inoculated with a single drug as fol-
lows: 20 ILl of a drug-juice suspension were evenly spread over a 
2-cm2 piece of fresh Romaine lettuce leaf, allowed to dry at room tem-
perature for ~ 10 min, and fed to an individual test animal. All test 
compound mixtures were prepared immediately prior to feeding. 
Determination of dosage 
We prepared a wide range of concentrations of each antibiotic in 
carrot juice to determine the maximum concentrations acceptable to 
adult male grasshoppers (fhe highest dosage that 90% of hungry grass-
hoppers would consume). Once the maximum accepted dosage was de-
termined, we selected our test doses as 50% of the maximum accepted 
dosage (Table I). Our purpose was not to compare identical dosages of 
different antibiotics, but to identify a specific oral dosage of antibiotic 
that was both palatable to grasshoppers and effective in eliminating 
microsporidia infection in the test insects. 
Treatment procedure 
Each drug was tested in 10 male R. microptera 5-40 days post-adult 
molt. Males were already naturally infected and contained (mean:+: SD) 
37.6 X 104 :+: 5.0 X 104 spores, n = 5. Grasshoppers were numbered 
individually with permanent markers and placed into individual, ven-
tilated, 500-ml transparent plastic containers. For the following 19 days, 
each grasshopper was starved for 12 hr each day and then fed antibiotic-
inoculated pieces of Romaine lettuce as described above. Insects were 
allowed to feed on the treated lettuce for 4 hr, and the amount of chem-
ical ingested was calculated based on the amount of lettuce eaten by 
the insect. Not all insects consumed a full dose of antibiotic each day; 
Cumulative dosage consumed (mg/gram fresh 
(mg!l9 day) :+: SE mass/day)t 
None:j: None:j: 
15.95 :+: 1.24 0.23 
71.65 :+: 7.44 1.05 
79.75 :+: 4.96 1.17 
1.94 :+: 0.03 0.03 
88.66 :+: 11.08 1.30 
1.18 :+: 0.25 0.02 
47.02 :+: 6.43 0.69 
87.25 :+: 3.50 1.28 
1.88 :+: 0.74 0.03 
89.93 :+: 4.69 1.32 
10.15 :+: 1.18 0.15 
hence, the dose consumed differed from the dose offered (Table I). A 
control group of 40 insects received lettuce with pure carrot juice con-
taining no additives. After the antibiotic feeding each day, grasshoppers 
were fed ad lib Romaine lettuce and oatmeal for 8 hr, followed by the 
next 12 hr starvation period. Insects were maintained at 26 :+: 2 C; 60-
85% RH, and 14:10 (L:D) photoperiod. On days 5, 10, and 15 post-
initial inoculation, I or 2 grasshoppers from each treatment group and 
5 from the control group were dissected and examined for micros pori-
dia. We looked for early and profound control; however, no dramatic 
effects were observed through day 15, and, therefore, most of these 
early results are not reported here. On day 20, all survivors (n oS 7/ 
treatment) were dissected and examined for microsporidians. 
Evaluation of drug effect 
We initially made microscopic examinations of various grasshopper 
tissues (midgut, gastric caeca, fat body, Malpighian tubules, muscles, 
salivary glands, reproductive organs, nervous tissue, hemolymph, and 
pericardic tissue) for presence of a microsporidian infection. Even in 
heavily infected grasshoppers, the infection was observed only in the 
midgut and gastric caeca. To quantify the microsporidian spores in in-
dividuals, we removed the digestive tract, made a longitudinal cut 
through the midgut and attached gastric caeca, and then washed these 
structures in deionized water to clean and remove the gut contents. The 
combined midgut and gastric caeca were then blotted dry with tissue 
paper, weighed, homogenized with 5 ml of deionized water, and filtered 
through ~ I mm thickness of wet cotton packed in the bottom of a 20-
ml glass syringe. We used a hemocytometer to determine the spore 
concentration in each homogenate, expressed as the number of spores 
per IJ1g tissue. Data from animals dissected on day 20 were analyzed 
by I-way ANOVA weighted for unequal variances, and the differences 
among treatment groups were identified using Tukey's honesty signifi-
cant difference test. All analysis were completed using Statistica 5.5 
(StatSoft, Inc. Tulsa, Oklahoma) with a = 0.05. 
RESULTS 
Microsporidian infection in control animals averaged 3.71 X 
105 spores/mg tissue at the beginning of the experiment (day 
0) and 6.78 X 105 spores/mg tissue at the end of the experiment 
(Figs. 1,2). By the end of the experiment (day 20), spore counts 
for insects treated with fumagillin (ANOY A followed by Tukey 
HSD test, P < 0.05) and thiabendazole (ANOY A followed by 
Tukey HSD test, P < 0.01) were significantly lower than for 
the control insects (Figs. 1, 2). No other treatments were sig-
nificantly different from the control; however, quinine treatment 
produced a strong, but nonsignificant, trend for reduced spore 
count (ANOVA followed by Tukey HSD test, P > 0.05; Fig. 
1). This trend was observed throughout the experiment (Fig. 2). 
In contrast, a nonsignificant, but antagonistic, trend was ob-
served in the streptomycin treatment; spore counts were higher 
in the treated insects than in the control insects (P > 0.05) 
(Figs. 1, 2). Although fumagillin and thiabendazole significant-
ly reduced microsporidian spore counts, they did not eliminate 
them. Indeed, throughout this test with 11 antibiotics and 150 
grasshoppers, we did not find a single microsporidian-free 
grasshopper. 
DISCUSSION 
Grasshoppers as a model system for testing antibiotics 
Our results show that lubber grasshoppers can serve as a 
model system for testing antibiotics. This system has both ad-
vantages and disadvantages compared to the use of vertebrates. 
One advantage is that lubber grasshopper can be mass-reared 
cheaply. ISU produces -5,000 grasshoppers/yr, at a cost of 
$30,000, which is substantially less costly than vertebrate rear-
ing facilities. Lubber grasshoppers can be cultured in high den-
sities and tested in small, individual containers, which saves 
space and reduces costs (Matuszek and Whitman, 2001). Adult 
lubber grasshoppers are large (3-16 g), allowing repeated 
bleeding, and are flightless, sluggish, and docile, facilitating 
handling. Adults can survive at temperatures between 1 and 40 
C, which permits testing thermal effects on antibiotic action. 
Healthy adults live for about 4 mo (Matuszek and Whitman, 
2001), allowing long-term studies. Antibiotics can be adminis-
tered to grasshoppers orally, topically, or via injection. Most 
important is that insects avoid some of the ethical problems of 
using vertebrates as experimental hosts, yet harbor many similar 
pathogenic taxa as vertebrates. For example, the grasshopper-
pathogenic Encephalitozoon sp., tested here, is congeneric with 
human-pathogenic microsporidians, e.g., E. intestinalis, E. cu-
niculi, and E. hellem (Wittner and Weiss, 1999; Didier and 
Weiss, 2006). Vertebrates and insects share substantial bio-
chemical and cellular physiology as well as some common im-
mune response features (Salzet, 2001; Schmid-Hempel, 2005); 
compounds that inhibit grasshopper pathogens might also in-
hibit those same types of pathogens in vertebrates. Hence, in-
sects can be exploited, not only to examine arthropod patho-
gens, but also to screen new drugs for potential vertebrate use 
(Guhl, 1999; Clopton and Smith, 2002; Smith and Clopton, 
2003). Indeed, our results, using grasShoppers, are similar to 
those of previous studies using vertebrates as hosts (Diesen-
house et aI., 1993; Rosberger et al., 1993; Wilkins et aI., 1994; 
Franssen et aI., 1995; Katiyar and Edlind, 1997; Molina et aI., 
2002). 
Drawbacks to using insects to test antibiotics include the fact 
that many pathogenic genera are specific to vertebrates and thus 
cannot be tested in insects. In addition, antibiotic trials with 
insects do not provide information about antibiotic toxicity to 
vertebrates. However, even in such cases, insects could be used 
to rapidly screen large numbers of candidate compounds against 
specific pathogen taxa. The most promising compounds could 
then be tested on vertebrates, examining both effectiveness and 
toxicity. 
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FIGURES 1-2. 1. Number of intracellular microsporidian spores in 
gut tissues of Romalea microptera after 19 days treatment with different 
antimicrobial drugs. 2. Mean levels of microsporidian spores found in 
gut tissues of grasshoppers at 0, 5, 10, 15, and 20 days after initiation 
of treatment with antimicrobials. Bars = SE; numbers near points = N. 
Comparison of therapeutic efficacy of different antibiotics 
against microsporidia 
In our experiments oral applications of fumagillin and thia-
bendazole significantly reduced, but did not eliminate, micro-
sporidian infections in a grasshopper. This confirms previous 
reports regarding the efficacy of fumagillin and thiabendazole 
for reducing microsporidiosis in insects (Franssen et al., 1995; 
Molina et al., 2002; van Frankenhuyzen et aI., 2004). We also 
noted a strong, but nonsignificant, trend for reduced micro-
sporidia in grasshoppers given quinine. To our knowledge, qui-
nine has not previously been reported as a possible microspo-
ridian antibiotic. 
Fumagillin is an antibiotic produced by the fungus Aspergil-
lus Jumigatus that was used to treat amebiasis in the 1950s 
(McCowen et aI., 1951; Killough et aI., 1952). It is effective 
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against microsporidial keratoconjunctivitis caused by E. hellem 
or E. cuniculi in AIDS patients (Diesenhouse et aI., 1993; Ros-
berger et aI., 1993; Wilkins et aI., 1994) and against human 
intestinal microsporidiosis due to Enterocytozoon bieneusi (Mo-
lina et aI., 2002). Fumagillin has also been used to treat micro-
sporidiosis in honey bees (Katznelson and Jamieson, 1952; Bai-
ley, 1953; Woyke, 1984; Webster, 1994), boll weevils, Anthon-
omus grandis (Flint et aI., 1972), and Drosophila willistoni flies 
(Armstrong, 1976). In most cases treatment with fumagillin re-
duces, but does not eliminate, microsporidians in diseased in-
sects (Wen et aI., 2003), and it can be toxic in mammals (Didier, 
Bowers et aI., 2005; Didier, Maddry et aI., 2005). The mecha-
nism of action of fumagillin on microsporidial replication is 
apparently based on binding to methionine aminopeptidase and 
inhibition of RNA synthesis (Jaronski, 1972; see review by 
Conteas et al., 2000). 
Thiabendazole and albendazol are benzimidazoles and are 
used for the treatment of various parasitic diseases in humans. 
By binding to free j3-tubulin, benzimidazoles inhibit the poly-
merization of tubulin and microtubulin-dependent uptake of 
glucose. Thiabendazole has been used for treatment of intestinal 
microsporidiosis in AIDS patients with various results. It also 
has broad antihelmintic and antifungal activity (Robinson et aI., 
1964, 1978) and is effective in the treatment of various nema-
tode infections in humans and animals (Brown et aI., 1961; 
Cuckler, 1961; Ames et aI., 1963). Katiyar and Edlind (1997) 
evaluated the activity of thiabendazole against infection by the 
microsporidian E. intestinali in humans and suggested that it 
was poorly active, but highly absorbed, when compared to al-
bendazole. Franssen et aI. (1995) found greater activity of 5 fLg/ 
ml thiabendazole on E. cuniculi in vitro when compared to al-
bendazole at the same dosage. 
Albendazole is a broad-spectrum anthelmintic and antifungal 
benzimidazole that targets the colchicine binding site of j3-tu-
bulin to inhibit polymerization and prevent assembly of micro-
tubules (Lacey, 1988). This drug is metabolized in the liver to 
generate the more active albendazole sulfoxide, which can be 
detected systemically. Proliferative stages of micro sporidia in 
albendazole-treated individuals appeared lirrger than usual and 
unable to undergo cell division, probably because of their- in-
ability to form spindle fibers (Blanshard et al., 1993). In earlier 
studies albendazole was observed to be only variably effective 
in clearing E. bieneusi in AIDS patients (Blanshard et aI., 1992, 
1993; Dieterich et aI., 1994; Weber et al., 2000). More recently, 
however, albendazole was reported to be highly effective for 
treating, and often clearing, Encephalitozoon sp. infections 
(Dore et al., 1995; Joste et al., 1996; h!der et aI., 1998; Molina 
et aI., 2002), but is less effective against E. bieneusi (Dieterich 
et aI., 1994). However, incomplete response (Weber et al., 1997) 
and relapses are common with this drug (Lecuit et aI., 1994; 
Rossi et al., 1996). More recently Boohene et aI. (2003) re-
ported that albendazole was not only ineffective in eliminating 
microsporidian infections in the filth fly parasitoid Muscidifurax 
raptor, but also had serious side effects for the host. In our test, 
with R. microptera grasshoppers, albendazole had no antimi-
crosporidial effect. 
One possible reason that albendazole did not reduce spore 
count in our experiments may be poor absorption of the drug 
by the grasshopper gut. In ruminants, oral doses of albendazole 
are readily absorbed from the gut (cattle absorb about 50% of 
the oral doses of albendazole). Mice and rats absorb about 20-
30% of oral doses of albendazole. In humans, only about 1 % 
of a per os dose is absorbed from the gut. However, albendazole 
absorption is enhanced by ingesting it with fatty meals (Awadzi 
et aI., 1994; Kotler and Orenstein, 1999). We did not measure 
the blood concentration of any of our test compounds; however, 
we are currently examining the effects of injection, which will 
eliminate the effects of varying rates of gut absorption. 
Metronidazole, first used to treat trichomoniasis and later am-
ebiasis, giardiasis, and anaerobic infections, has been used to 
treat microsporidiosis (He et aI., 1996). The mode of action of 
metronidazole on micro sporidia is uncertain, but it slows or 
inhibits intracellular parasite proliferation and differentiation in 
vitro with E. intestinalis in human cell culture (He et aI., 1996). 
We found no antimicrosporidial action by metronidazole in 
grasshoppers at the concentration used. This accords with the 
results of Canning and Hollister (1991), who found no effect 
of metronidazole in vitro on Nosema bombycis in Spodoptera 
Jrugiperda moth cells at a concentration of 5.3 fLg/mI. Beauvais 
et al. (1994) also found no inhibition by metronidazole at con-
centrations of up to 10 fLg/ml against E. cuniculi in vitro. Other 
groups have also reported a lack of therapeutic efficacy of met-
ronidazole against human microsporidians (Eeftinck Schatten-
kerk et al., 1991; Sun et aI., 1994; Franssen et al., 1995; Brasil 
et aI., 1996; Gumbo et aI., 1999; Kotler and Orenstein, 1999) 
and of metronidazole and/or albendazole against insect micro-
sporidians (Carloye et aI., 1998; Boohene et aI., 2003). 
Quinine was historically used for the control of malarial par-
asites and is still widely used against protozoans such as Plas-
modium spp. and Babesia spp. (Marley et aI., 1997; Sidhu et 
aI., 2002). In our experiments treatment with quinine resulted 
in a strong, but nonsignificant, decrease in the number of spores 
at days 5, 10, 15, and 20 (Fig. 2), suggesting possible antimi-
crosporidial activity. To our knowledge, quinine has never been 
used to treat human microsporidiosis. Interestingly, albenda-
zole, which sometimes acts against microsporidians (see 
above), is also strongly active against Plasmodium berghei and 
P. Jalciparum (Skinner-Adams et al., 1997; Dow et aI., 1998, 
2000). 
Our results (Fig. 2) suggest the possibility that streptomycin 
increases microsporidian infection. Streptomycin is widely used 
in human and veterinarian medicine. The possible antagonistic 
interaction between streptomycin and microsporidiosis should 
be further examined. 
There has been renewed interest in microsporidian research 
in recent years because of their emergence as important enteric 
pathogens in immunocompromised patients such as those with 
HIV infection or patients treated with immunosuppressive drugs 
(Costa and Weiss, 2000; Weiss, 2001; Didier and Weiss, 2006). 
Likewise, there is much interest in developing microsporidians 
as possible biological control agents against agricultural pests 
and in understanding how to eliminate microsporidian infec-
tions in both vertebrate and invertebrate laboratory colonies, 
and in domesticated animals. Effective commercial therapies for 
human microsporidians are still lacking, and recent therapeutic 
development studies have focused on compounds that target 
microsporidian polyamines (polyamine analogues), methionine 
aminopeptidase 2 (fumagillin-related compounds and ana-
logues), chitin (nikkomycins), and topoisomerases (fluoroquin-
olones). These studies highlight the need to develop tissue cul-
ture and small animal models (Didier et al., 2006; Didier and 
Weiss, 2006). The grasshopper system described here can aid 
research into pathogenic microsporidians, as well as other path-
ogenic taxa. 
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TAMOXIFEN TREATMENT INDUCES PROTECTION IN MURINE CYSTICERCOSIS 
J. Antonio Vargas-Villavicencio, Carlos Larralde, Marco A. De Leon-Nava, Galileo Escobedo, and 
Jorge Morales-Montor* . 
Departamento de Inmunologfa, Instituto de Investigaciones Biomedicas, Universidad Nacional Aut6noma de Mexico AP70228, Mexico D.F. 
04510, Mexico. e-mail: jmontor66@hotmail.com 
ABSTRACT: Administration of tamoxifen (an antiestrogen) produced an 80% parasite load reduction in female mice, and a weaker 
effect of 50% in male mice. This protective effect was associated in both sexes, with an increase in the mRNA levels of interleukin 
(IL)-2 (a cytokine associated with protection against cysticerci) and IL-4 (no effect on infection). tamoxifen treatment modified 
17-13 estradiol production in females, whereas serum testosterone was not affected. However, the expression of the 2 types of 
estrogen receptor (ER), i.e., ER-a and ER-J3, in the spleen of infected mice of both sexes, was decreased by tamoxifen treatment. 
In vitro, treatment of Taenia crassiceps with tamoxifen reduced reproduction and loss of motility. These results indicate that 
tamoxifen treatment is a new therapeutic possibility to treat cysticercosis, because it can act at both ends of the host-parasite 
relationship, i.e., by increasing the cellular immune response protective against the parasite and by directly affecting the parasite's 
reproduction and survival. 
Taenia crassiceps cysticercosis has been a useful model for 
exploring the physiological host factors associated with porcine 
cysticercosis, and, to some degree, with human neurocysticer-
cosis (Sciutto et al., 1999). Intraperitoneal T. crassiceps cysti-
cercosis of mice (Freeman, 1962; Smith et al., 1972) lends itself 
well to controlled and reproducible experimentation, generating 
numerical data for parasite infrapopulation loads in individual 
mice in a matter of a few weeks after infection. Its general 
representation of other forms of cysticercosis has been strength-
ened by similar results in other mouse and parasite strains 
(Sciutto et aI., 1999), by the parasite's extensive sharing of an-
tigens with other taennids and cestodes, and by the DNA ho-
mology between T. crassiceps and Taenia solium (Vega et aI., 
2003). These characteristics have also made murine cysticer-
cosis the model of choice to test new vaccine candidates (Cruz-
Revilla et aI., 2000; Toledo et aI., 2001) and new drugs or 
treatments, and to extrapolate findings to porcine cysticercosis. 
The role played by sex steroids in mammalian host-parasite 
infections is a matter of debate regarding causes, mechanisms, 
and consequences. Moreover, sex steroids do not produce the 
same effects in all host-parasite systems, nor are these effects 
always mediated by a single steroid. For example, in experi-
mental intraperitoneal T. crassiceps cysticercosis, it is well 
known that estradiol plays a significant role in regulating !he 
asexual reproduction by cysticerci in male and female BALBC/' 
anN mice (Larralde et al., 1995; Morales-Montor and Larralde, 
2005). Thus, immunological experiments have suggested that 
estradiol (E2) positively regulates parasite reproduction in hosts 
of both genders, presumably by interfering with the thymus-
dependent cellular immune mechanisms that obstruct parasite 
growth (T-helper [Th]-I) and by enhancing those that facilitate 
it (Th-2) (Terrazas et aI., 1998; Bojalil et aI., 1993). Moreover, 
the strong effect of E2 on the specific immune response to T. 
crassiceps was previously demonstrated by castration and treat-
ment with 17-13 estradiol in hosts of both genders, which in-
creased the number of parasites 3-fold, compared with control 
mice (Morales et aI., 2000). This effect was associated with a 
specific decrease in splenocyte cell proliferation, and interleu-
kin (IL)-2 and interferon (IFN)-'Y production (Morales-Montor 
et aI., 2002). Furthermore, it has been shown that cysticercotic 
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mouse splenocytes express both types of estrogen receptors 
(ERs), i.e., ER-a and ER-I3, which suggests that the strong ef-
fect of E2 during T. crassiceps cysticercosis is due to the bind-
ing of the steroid to its specific receptors in immune cells (Var-
gas-Villavicencio et aI., 2005). Together, these results suggest 
a facilitative role of estradiol during infection, possibly by the 
inhibition of specific cellular immunity of the host to the par-
asite (Morales-Montor et aI., 2001, 2002). However, it has been 
demonstrated that E2 not only influences the host immune sys-
tem but also affects the parasite directly. When added to in vitro 
cultures, E2 stimulates the parasite's bud production and DNA 
synthesis level, possibly by binding to an ER-like molecule in 
the parasite (Escobedo et al., 2005). 
Selective estrogen receptor modulators (SERMs) function as 
both estrogen agonists and antagonists in a variety of tissues 
(Steele et aI., 1987). Tamoxifen, a triphenylethylene derivative, 
is the most extensively studied first generation SERM. It has 
been used in the treatment and prevention of breast cancer due 
to its antagonistic effects on a- and I3-ERs in breast tissue 
(Johnson and Buzdar, 2001). Studies of tamoxifen have also 
focused on cardiovascular risk factors, such as lipid profile 
(Bush et aI., 2001) .. 
Because E2, through the binding to specific host and parasite 
ERs, has been shown to be important in facilitating infectivity, 
growth, and reproduction of T. crassiceps, the use of an anti-
estrogen, such as tamoxifen, should ameliorate the infection, 
restore Th-l-dependent immune responses, and retard parasite 
growth and reproduction. This hypothesis was tested by study-
ing the influence of tamoxifen on parasite reproduction both in 
vitro .. and in vivo, and its effect on cellular and humoral immune 
responses, sexual steroid levels (testosterone [T] and E2), and 
expression of the ER genes in chronically infected mice of both 
sexes. Our results suggest that tamoxifen treatment is a possible 
new therapeutic approach to cysticercosis. 
MATERIALS AND METHODS 
Parasites and experimental infections 
A new isolate, the WFU-strain, of T. crassiceps was used in all ex-
periments. Parasites were maintained in female BALB/c mice by i.p. 
sequential inoculation of the metacestodes. Larvae for experimental in-
fections were obtained from donor female mice infected 3-6 mo earlier. 
Twenty small (approximately 2 mm in diameter), nonbudding T. cras-
siceps larvae were suspended in 0.3 ml of phosphate buffered saline 
(PBS) (0.15 M NaCl and 0.01 M sodium phosphate buffer, pH 7.2) and 
injected i.p. in 6-wk-old mice. Mice were caged in groups of 5 in a 
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common room under controlled temperature and dark/light cycle in the 
Biological Sciences Building animal facility at the Institute of Biomed-
ical Research (IIB), and they were frequently evaluated by the IIB An-
imal Care and Use Committee and governmental agencies to ensure 
compliance with federal regulations and international guidelines. They 
were fed Purina Diet 5015 (PMI Nutrition International, Brentwood, 
Missouri) and water ad libitum, and they were killed at 8 wk postin-
fection (PI) by cervical dislocation subsequent to ether anesthesia. After 
death, a complete parasite count was performed visually in each mouse 
by collecting the cysts after thoroughly rinsing the peritoneal cavity 
with PBS. Parasites were never found outside the peritoneal cavity. 
Tamoxifen administration 
Using a lO-gauge needle Trochar (Innovative Research of America, 
Toledo, Ohio), tamoxifen was administered in the form of subdermal 
long-term release pellets (0.5 mglwt/kg; 3-wk release pellets), starting 
1 wk before the infection. Three pellets were administered during the 
study. Placebo pellets were similarly administered to another group of 
infected mice. After 1 wk, mice were infected as described above and 
killed 8 wk PI. 
T and E2 measurements 
Blood for steroid determinations was collected in vivo by cardiac 
puncture performed in deeply anesthetized mice. Steroids were ether 
extracted and solubilized in the buffer used for immunoassay. The se-
rum concentrations of E2, and T were determined by liquid-phase ki-
netics enzyme immunoassay kits (Diagnostic Systems Laboratories, 
Inc., Los Angeles, California), according to the manufacturer's instruc-
tions. After reactions were developed, the samples were read at 450 nm 
in an ELISA reader (www.dslabs.com). 
ER-«, ER-P, IL-2, IFN-'Y, IL-4, and IL-10 expression 
Total RNA from spleens and ovaries of uninfected, and placebo- or 
tamoxifen-treated 8-wk-PI mice was reverse transcribed, followed by 
specific PCR amplification of ER-u, ER-I3, IL-2, IFN-'Y, IL-4, IL-lO, 
and l3-actin genes. Primers used for amplification have been described 
previously (Morales et aI., 2000). Five micrograms of total RNA from 
each tissue was incubated at 37 C for 1 hr with 400 units of Moloney 
murine leukemia virus reverse transcriptase (Applied Biosystems, Foster 
City, California) in 1.25 f-Lg of reaction volume containing 50 mM of 
each dNTP and 0.05 f-Lg of oligo(dT) primer (Invitrogen, Carlsbad, Cal-
ifornia). Five microliters of the cDNA reaction was subjected to poly-
merase chain reaction (PCR) to amplify specific sequences of the spec-
ified genes. The 50-f-Ll PCR reaction included 5 f-Ll of previously syn-
thesized cDNA, 25 f-Ll of lOX PCR buffer (Biotecnologias Universitar-
ias, Mexico City, Mexico), 1 mM MgCI20 0.2 mM of each dNTP, 0.05 
f-LM of each primer, and 2.5 units of Taq DNA polymerase (Biott<cno-
logias Universitarias). Twenty microliters of the total PCR reaction 
products of each sample was electrophoresed on 2% agarose gel. PCR 
products were visualized by staining with ethidium bromide. A single 
band was detected in all cases, as expected. To determine whether all 
amplified genes as well as the constitutively expressed control gene (13-
actin) were in the exponential phase of amplification, and to make sure 
that changes in expression were not artifactual (such as l3-actin being 
in the stationary phase), we obtained RNA cycling and temperature 
curves for each analyzed gene. ~ , 
Densitometric analysis 
Hybridization signals were quantified by densitometric scanning of 
mUltiple autoradiograms of several exposures. Here, they are expressed 
as the relative expression, which is the ratio of the signal of amplified 
genes (IL-2, IL-4, IL-lO, IFN-'Y, ER-u, and ER-I3) relative to the ex-
pression of l3-actin gene (the constitutively expressed gene used as in-
ternal control of positive amplification). 
In vitro tamoxifen assays 
Culture grade tamoxifen was obtained from Sigma-Aldrich (St. Louis, 
Missouri). For in vitro tests, it was dissolved in medium AIM-V (culture 
medium that does not need fetal calf serum supplementation) to the 
desired stock concentration, and sterilized by passage through a 0.2-
mm Millipore filter (Millipore, Billerica, Massachusetts). The experi-
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FIGURE 1. Effect of tamoxifen administration on parasite loads. Data 
show the number of parasites recovered from the peritoneal cavity of 
10 female and 10 male BALB/c mice at 8 wk PI. Each point represents 
individual parasite loads. ***p < 0.001, comparing female and control 
mice. *p < 0.5, comparing male and control mice. 
mental design was as follows. Six wells of a 24-well culture plate were 
used as untreated controls, 6 wells were supplemented with the vehicle 
in which tamoxifen was diluted, and 6 wells were treated with different 
concentrations of tamoxifen. Concentrations of tamoxifen were random-
ized across the plates. Tamoxifen was prepared to a final volume of 100 
f-Ll and added to 2 ml of medium in each well. Control cysts were treated 
with the solvent in which tamoxifen was diluted, so that a constant 
volume of solvent (100 f-Ll) was added to each well. Reproduction was 
measured as the number of buds that each cyst produced in response to 
. treatment, and they were counted directly under an inverted microscope 
(model M021; Olympus, Tokyo, Japan) using XIO and X 100 magni-
fication. All viability observations were determined microscopically, 
and cysts were considered dead based on complete loss of motility of 
the anterior and posterior regions. Motility was defined by the number 
of times that cysts relaxed or contracted. 
Statistical analysis 
The design was considered as a 3-factorial experiment. Independent 
variables were as follows: (1) treatment (2 levels, tamoxifen or vehicle), 
(2) gender (2 levels, female or male), and (3) infection (2 levels, yes 
or no). Dependent variables were the number of parasites, serum sex 
steroids, and the expression of ER-u, ER-I3, IL-2, IL-4, IL-lO, and 
IFN-'Y in the tissue sample. The gene expression was measured by quan-
tification of the densitometric analysis of each band belonging to each 
amplified gene in the gels. The corresponding optical densities (ODs) 
obtained from the different amplified tested genes were divided by the 
OD.obtained for l3-actin (the constitutively expressed control gene) to 
obtain the relative expression of ER-u, ER-I3, IL-2, IL-4, IL-lO, and 
IFN-'Y. Two experiments were performed (n = 5 mice each treatment), 
and data were analyzed using I-way analysis of variance (ANOV A) of 
individual differences between means. The software Prism 2.01 
(GraphPad Software Inc., San Diego, California) was used to calculate 
the probability values. 
RESULTS 
Parasite burden 
Tamoxifen showed an important reduction in the parasite 
load recovered from the peritoneal cavity of males (P < 0.5), 
compared with the infected controls (Fig. 1). In female mice, 
tamoxifen treatment decreased parasite reproduction radically, 
by 80% (P < 0.01), whereas in males, it inhibited parasite re-
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FIGURE 2. T and E2 levels throughout the infection course in indi-
vidual mice of both genders with different treatments. Each serum sam-
ple was determined in duplicate for each mouse. ***p < 0.001, com-
pared with control mice of both genders. 
production by 50% (P < 0.5). Treatment with the placebo did 
not affect parasite number in females or in males, with numbers 
produced being similar to those in the infected control group 
(Fig. 1). 
Murine hormone assays 
The effects of tamoxifen administration on T and E2 serum 
levels in both genders are shown in Figure 2. After 8 wk of 
infection with T. crassiceps cysticerci, serum E2 levels had sig-
nificantly increased in comparison with uninfected animals (P 
< 0.01). In contrast, infected male mice treated with tamoxifen 
showed serum E2 levels similar to those of uninfected male 
mice. However, infected female mice treated with tamoxifen 
exhibited serum E2 levels lower than those of uninfected male 
mice. The administration of tamoxifen did not alter T serum 
levels in infected male mice, whose levels where similar to 
those of uninfected male mice. Placebo-treated infected male 
mice behaved in the same way as infected nontreated male 
mice. 
Cellular immune response 
The cellular immune response was evaluated in terms of 
IL-2 and IFN-'Y mRNA expression. Tamoxifen-treated unin-
fected mice produced IL-2, whereas nontreated uninfected and 
infected mice did not. Tamoxifen-treated infected mice restored 
IL-2 production to values similar to those of tamoxifen-treated 
uninfected mice (Fig. 3A). Concomitantly, IFN-'Y production 
increased by 100% (P < 0.01) in infected male mice, and treat-
ment with tamoxifen reduced these values to almost the same 
levels as in uninfected mice (Fig. 3B). A placebo had no affect 
whatsoever on the cellular immune response of infected ani-
mals. 
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FIGURE 3. Effect of infection and tamoxifen treatment on the ex-
pression of IL-2 (A) and IFN-'Y (B) in splenocytes of mice of both 
genders infected with cysticerci of Taenia crassiceps. Data are repre-
sented as the mean ± SD of 2 different experiments (n = 5). Each 
splenocyte culture was done in triplicate, at 8 wk PI. ***p < 0.001, 
both compared with the control group. 
Humoral immune response 
Figure 4 shows that the humoral immunity trend in response 
to tamoxifen treatment. IL-4 production was increased at 8 wk 
of infection, compared with uninfected mice (P < 0.01). Treat-
ment with tamoxifen had no significative effect compared with 
the infected and placebo-treated mice (Fig. 4A). IL-lO showed 
the same pattern, Le., a marked increase at 8 wk of infection 
compared with control mice (P < 0.1) and a decrease of almost 
35~in IL-lO production by splenocytes of the tamoxifen-treat-
ed and infected female mice (P < 0.01). Once again, placebo 
treatment did not affect IL-lO production (Fig. 4B). 
ER-a and -IJ expression 
The expression of ERs was studied to show the possible mo-
lecular mechanisms of the inhibition (Fig. 5). Spleens of in-
fected females and males exhibited an increase in ER mRNA 
content (P < 0.01) compared with control spleens. The expres-
sion level of ER in the spleens of the infected mice of both 
genders was as high as that of the ovaries in uninfected female 
mice. Tamoxifen-infected mice showed a decrease to levels ob-
served in control mice. The expression level of the constitutive 
[3-actin gene was constant in all tissues examined. 
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FIGURE 4. Humoral immune cytokine profile in cysticercotic male 
mice treated with tamoxifen. Levels of IL-4 (A) and levels of mRNA 
gene expression of IL-lO (B) measured by reverse transcription-PeR of 
specific antigen-stimulated splenocyte proliferation, as described in Ma-
terials and Methods.**P < 0.01, compared with the control and placebo 
groups; *P <0.5, compared with the infected group. 
In vitro assays 
In vitro experiments were performed to demonstrate that ta-
moxifen does affect the parasite directly, in addition to the re-
sulting dominant Th-l response found after tamoxifen treat-
ment. Tamoxifen in vitro treatment of cysticerci has strong in-
hibitory effects on motility, survival, and budding of the cys-
ticerci. These effects where time and dose dependent, ranging 
from physiological to pharmacological doses (Table I). 
DISCUSSION 
The present study shows that in YlVO administration of ta-
moxifen restricts the growth of T. crassiceps cysticerci in mice 
of both genders. Importantly, tamoxifen has an active metabo-
lite, 4-0H-tamoxifen, which is a minor by-product in humans 
but which has much higher affinity for the ER. Some of the 
pharmacological profile of tamoxifen in humans is due to this 
metabolite. Although active metabolites make it difficult to 
compare data obtained from in vitro and in vivo experiments, 
both set of experiments point to tamoxifen as a drug that ac-
tually can inhibit parasite reproduction. 
The simultaneous down-regulation of the Th-2 and up-reg-
ulation of the Th-1 response is hypothesized to be the cause of 
parasite reproductive arrest, because the cellular immune re-
sponse is considered critical in the control of this parasite in-
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FIGURE 5. ER-a and -13 gene expression during infection with Tae-
nia crassiceps. The results of gene expression are reported as densito-
metric data of the autoradiographic signal. The relative expression was 
obtained by correcting the expression of ER-a and -13 to that of 13-actin. 
Data are representative of 5 mice, and each experiment was done in 
duplicate. Values are mean:!:: SD. ***p < 0.001, both compared with 
the control group. 
fection (Villa and Kuhn, 1996; Terrazas et aI., 1998). The drug 
blocks the binding of estrogen to its receptors in the spleens of 
female and feminized male mice and in cells of the parasite, 
which favors the immune cellular response against cysticerci. 
In addition, it slows down parasite reproduction directly. Thus, 
the hormonal changes induced by blocking the estrogen func-
tion results in restriction of parasite reproduction. The expres-
sion of the ER genes in the spleens of the infected and placebo-
infected groups was as high as in normal female mice. These 
results support and extend our previous findings of differential 
expression of the estrogen gene in infected male mice (Morales-
Montor et aI., 1999). The expression of ERs in the spleen of 
tamoxifen-treated infected mice was diminished, arguing in fa-
vor of a specific effect by tamoxifen on their genetic expression. 
We had previously found that gender and circulating E2 and 
T levels crucially affect the dynamics of parasite reproduction 
in mice infected with cysticerci of T. crassiceps (Morales-Mon-
tor, Hallal-Calleros et aI., 2002). That infection of male mice 
with T. crassiceps leads to striking increases in estrogen levels 
in the host is consistent with the idea that cysticerci fare better 
in high-estrogen conditions and somehow induce the host to 
produce them. However, a more intricate strategy of parasite 
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TABLE I. Dose-response curve of tamoxifen effect on reproduction of 
cultured Taenia crassiceps cysticerci. Tamoxifen total number cysticerci 
dose (l-1g/ml) of bud motility. 
Tamoxifen conc Cysticerci 
(l-1g/ml) Total no. of buds* motility-r 
0 24 :+: 0.8944 ***** 
5 16 :+: 1.0954 **** 
10 13 :+: 0.7527 *** 
20 6 :+: 0.8164 ** 
40 3 :+: 0.7527 * 
* Data represent mean :+: SD from 3 experiments, with 10 cysticerci per well, 6 
wells per dose. 
t Refers to a scale used by us to describe the motility of the organism. Injury to 
cysticerci was recognized microscopically by progressive internal disorganiza-
tion, by development of whitish opaque areas on the parasite's tegument, and 
by loss of motility. Dead cysticerci were immobile, opaque, and disorganized 
structures. *****, very motile and healthy in their appearance; ****, <80% of 
cysticerci motile, but still 100% alive; ***, <50% of cysticerci motile, but still 
100% alive; **, no motility in 80% of the cysts, with a reduction of 50% in 
survival; and *, no motility in 100% of the cysts, with 100% mortality reached. 
activity must also be considered. It is suggested that, perhaps, 
low androgen levels are also necessary for the parasite, because 
they are so stunted by them. Because there is a great deal of 
conserved sequence homology among most hormone receptors, 
especially in the ligand and DNA-binding domains (Damian, 
1997), we previously were able to show that cysticerci ex-
pressed both isoforms of the classic ER (ER-cx and -[3) (Esco-
bedo et aI., 2004). It seems that the effects of estrogens are due 
to the binding of estradiol to a specific receptor in the parasite. 
Binding of the ER to the classic estrogen-dependent elements 
could be responsible for the activation of activator protein-l 
complex genes in the normal metabolism of T. crassiceps. This 
is reflected in our in vitro experiments, because tamoxifen di-
rectly affected the parasite, possibly by binding to the ER, as 
reported previously by Escobedo et ai. (2004). Similarly, peak 
blood levels in humans after tamoxifen dosing typically range 
from 0.05 to 0.2 J-Lg/mi. These levels are somewhat lower than 
the tamoxifen exposures reported in Table I (2':5 J-Lg/ml). How-
ever, it is interesting to note that in vitro, there is no possibility 
of tamoxifen metabolism by other cells, and the effect may not 
be masked by binding to other cells that are not the target, or 
by bioconversion of the drug to noneffective metabolites. Thus, 
the doses used in humans are higher, and they probably will be 
useful to treat some tapeworm infections, particularly those in 
which a strong control of the infection by hormones have been 
reported. 
Recently, the ability of hormones to affect the immunological 
response directed against pathogenic ~~ents has gained atten-
tion. This is evident in a range of various parasitic diseases, 
including malaria, schistosomiasis, toxoplasmosis, cysticerco-
sis, trypanosomiasis, and leishmaniasis, in which strong hor-
monal regulation of the immune response has been described 
(Klein, 2004). Recent experimental evidence suggests that par-
asites cannot only actively evade immune responses but also 
exploit the hormonal microenvironment within their host to fa-
vor their own establishment, growth, and reproduction (Dami-
an, 1997; Escobedo et aI., 2005). The benefit to parasites of 
hormonal exploitation is such that they have evolved structures 
similar to the steroid and protein hormone receptors expressed 
in higher vertebrates that can bind to the hormonal metabolites 
synthesized by the host (Terrazas et aI., 1994; Morales-Montor 
et aI., 1998; Escobedo et aI., 2005). Thus, the use of hormones 
or hormone antagonists as immunoregulators, or as agents to 
avoid establishment, growth, or reproduction of parasites, may 
be potentially useful in the treatment of a variety of parasitic 
diseases, particularly for those in which hormones are known 
to have a strong influence on the infection (Klein, 2004). An-
tiparasitic drug discovery is a very expensive process that has 
resulted in few drugs being commercialized for a long period. 
Because new drug-target interactions must interfere with par-
asite survival, be selective, and not be cross-resistant with 
known resistance mechanisms, the knowledge gained by ex-
amining the physiological regulation of the host-parasite inter-
action could be a more rapid and less expensive strategy in the 
development of new antiparasitic drugs. Discovering the spe-
cific genes that are important for parasite survival and that are 
regulated by hormones could provide the rationale for using 
hormone antagonists. Tamoxifen is currently available in the 
market, and it is very well-characterized drug. Moreover, its 
side effects and tolerated doses in humans are well known. 
Therefore, it is reasonable to look for new applications for this 
old drug, instead of undertaking the expensive process of trying 
to develop new anticysticidal drugs. Recent advances in geno-
mic technology will offer the opportunity to identify, validate, 
and develop constructs of key cysticercus molecules that could 
be regulated by hormones for testing drugs, such as RU-486, 
fadrozole, or flutamide to name a few. This could result in iden-
tification of anticysticercotic drug targets. Finally, that tamox-
ifen interferes with the development of T. crassiceps cysticerci 
could find important applications in the development of future 
vaccines and therapeutic protocols in other cysticercosis infec-
tions affecting humans and cattle. 
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ABSTRACT: Hormones playa significant role in murine Taenia crassi-
ceps cysticercosis, and they may also participate in the susceptibility to 
Taenia solium cysticercosis. In the present study, in vitro effects are 
reported for human chorionic gonadotropin (hCG) on the larval stages 
of T. crassiceps (WFU strain) and T. solium. hCG effectively promotes 
parasite reproduction, i.e., it increases the number of buds on T. cras-
siceps cysticerci and the percentage of evagination and parasite length 
in T. solium. This is the first report in which a direct effect of hCG is 
reported for a parasite. hCG or mouse luteinizing hormone could be 
recognized by the cysticerci as mitogenic factors and contribute to the 
female and pregnancy bias toward susceptibility to T. crassiceps and T. 
solium cysticercosis, respectively. 
Cestodes frequently cause diseases of human and veterinary signifi-
cance, especially in developing countries. Most cestode life cycles in-
clude a larval stage that affects an intermediate host, and an adult stage 
that develops in the vertebrate intestine. Usually, proglottids possessing 
thousands of eggs are released with feces into the environment where 
eggs are disseminated by wind, water, and insects. 
Taenia crassiceps is a frequent intestinal cestode of canids in Europe 
and North America, and the metacestode cysticercus stage infects a 
variety of small rodents. As for many cestodes, T. crassiceps has a 
typical, 2-host taeniid life cycle. However, unlike other taeniids, its 
larval stage also reproduces by exogenous asexual budding, which pro-
vides for long-term maintenance in mice using experimental infections 
in the laboratory. Since 1952, different strains of T. crassiceps have 
been isolated and maintained under laboratory conditions (Freeman, 
1962; Dorais and Esch, 1969; Esch, 1969). The ORF strain has become 
the most widely studied (Larralde et aI., 1989; Escobedo et al., 2004; 
Jimenez et aI., 2006). However, because it has lost its ability to generate 
the scolex, it has also lost the capacity to develop into an adult tape-
worm (Freeman, 1962; Mount, 1970). The life cycle of a recently i.so-
lated WFU strain (Everhart et aI., 2004; Willms et aI., 2004) can be. 
completed under experimental conditions, which allows for the study 
of biological properties related to sexual reproduction. 
A remarkable sex-related susceptibility was described for the T. cras-
siceps murine cysticercosis system, with females being more permissive 
to asexual parasite budding and reproduction than males (Freeman, 
1962; Larralde et aI., 1989). One possible explanation for the sex dif-
ferences is the effect of sexual steroids on parasite growth (Escobedo 
et aI., 2004). Indeed, it has been demonstrated that in vitro exposure of 
T. crassiceps cysticerci to 17-13 estradiol and progesterone stimulates 
their reproduction and infectivity. In addition, it was found that in vitro 
cell proliferation in cysticerci is promoted by sera from pregnant fe-
males or by media enriched with gonadotropins, emphasizing their rel-
evance in parasite proliferation (Toledo et al., 1997). Moreover, cysti-
cerci even have the ability to use steroid precursors to synthesize sex 
hormones (Romano et aI., 2003). 
Taenia solium is a cestode whose intermediate host is the pig, but 
the parasite may also cause debilitating neurocysticercosis in humans 
(Sciutto et aI., 2000). Interestingly, pregnancy nearly doubles the fre-
quency of T. solium cysticercosis in pigs (Morales et aI., 2002). The 
increased levels of human chorionic gonadotropin (hCG) in pregnant 
female pigs may underlie this increased susceptibility. In the present 
study, we evaluated the effect of hCG on the growth and reproduction 
of larval T. crassiceps (WFU strain) and T. solium. 
Using a dissecting microscope, morphologically similar cysticerci, 
translucent and motile, were selected for in vitro culture. Taenia cras-
siceps cysticerci were recovered from 9-wk infected mice. Taenia so-
lium cysticerci were obtained from 3 naturally infected pigs, 1 pig for 
each of the 3 experiments. The fibrous capsule that surrounds each 
parasite was carefully separated so the parasite could be easily excised. 
Cysticerci for experimental studies were divided into 2 groups of 30. 
One group of cysticerci was cultured in cell culture medium (RPMI 
1640 medium, Invitrogen, Carlsbad, California) plus 10% fetal bovine 
serum (FBS); a second group was placed in RPMI 1640 medium sup-
plemented by hCG at a physiological concentration of 10 unitslL. All 
cultures were maintained at 37 C in 5% CO2, and the medium plus 
supplement was replaced every third day. Parasites were observed at 
different times of culture (from 7 to 75 days for T. crassiceps and from 
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FIGURE 1. In vitro culture of Taenia crassiceps and T. solium cys-
ticerci in the absence (controls) or presence of hCG. (A) Effects on the 
number of T. crassiceps cysticerci (dashed line) and on number of buds 
(thick line). Effects upon evagination capacity (thick line) and growth 
(dashed line) of T. crassiceps (B) and T. solium (C). Significant differ-
ences were observed with or without hCG (P < 0.0001, I-way analysis 
of variance). Each number represents the mean :t SD of 3 independent 
experiments. 
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FIGURE 2. Micrographs of Taenia erassieeps (A) and T. solium (B) 
cysticerci cultured in vitro with or without hCG at different times after 
culture. Images are representative of the aspect of the cultured cysti-
cerci. 
7 to 90 days for T. solium). The total number of T. erassieeps parasites 
and buds was counted, and the size of evaginated cysts of both parasite 
species was measured. Whole evaginated cysts were fixed, stained, and 
observed using a dissecting microscope to evaluate the effect of hCG 
on structural changes during culture. 
Interestingly, hCG promotes asexual bud production of larval T. eras-
sieeps, and in vitro growth of both T. erassieeps and T. solium.cysti-
cerci, but with different grades of magnitude. The number of cysticerci 
and buds per T. erassieeps cysticercus significantly increased when in-
cubated with hCG (Figs. lA, 2A; day 14), and they remained vesicular, 
translucent, and motile, whereas untreated cysticerci began to die after 
30 days of culture (Figs. lA, 2A; days 28-70). In contrast, T. solium 
cysticerci cultured only with FBS remained alive until 75 days of cul-
ture, and no signs of damage or change were observed (Fig. 2B). These 
differences suggest that both cestodes possibly require different supple-
ments for development. •• 
Differences in length of the neck of the parasite and percentage of 
evagination at the end of the culture were observed when comparing T. 
erassieeps with T. solium. Less than 30% of T. erassieeps cysticerci 
evaginated when cultured with hCG, and those that did evaginate 
reached 2.3 cm in length after 70 days of culture (Figs. 1 B, 2A). With 
T. solium cysticerci, although a higher percent of evagination (61.6%) 
was obtained by day 75 of culture (Fig. I C), the maximum parasite 
length reached by day 90 of culture was only 7.5 mm. These differences 
are in contrast with the different sizes of the tapeworms of the 2 ces-
todes observed in vivo and require further study. 
For both parasites, all evaginated cysticerci cultured in hCG had well-
defined neck segments by day 30 and day 90 of culture (Fig. 2B) for 
T. solium, and by day 28 and day 70 (Fig. 2A) for T. erassieeps. How-
ever, no structures occupying the expected position of ovaries and testis 
were observed either in evaginated or in fully grown parasites (data not 
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shown). It is probable that other host environmental requirements are 
necessary for the complete development of tapeworms from cysticerci. 
The different effects of hCG on T. solium and T. erassieeps cysticerci 
may be associated with certain dissimilarities in the biology of the 2 
parasites. Thus, T. erassieeps cysticerci can reproduce in vivo and in 
vitro by budding, whereas T. solium cannot. It can be speculated that 
hCG may be involved in favoring asexual reproduction by T. erassieeps, 
and by favoring the initial phases of parasite growth of T. solium. Be-
cause hCG promotes mitogenesis through luteinizing hormone (LH) re-
ceptor recognition, it is possible that the effect of host LH could be, in 
part, responsible for the de novo generation of T. erassieeps cysticerci 
from cysticercal cell culture (Toledo et aI., 1997), or the bias suscepti-
bility in female mice infected with T. erassieeps and of the higher 
susceptibility of pregnant pigs to T. solium cysticercosis (Morales et aI., 
2002). 
Moreover, it has been found that under certain circumstances hCH 
can stimulate the production of progesterone and that both cysticerci 
are able to produce [3Hlhydroxyprogesterone (Jimenez et aI., 2006). 
Thus, the observed effect of hCG upon T. erassieeps and T. solium 
cysticerci could be mediated by progesterone, which has been observed 
to directly promote the reproduction of T. crassieeps (Escobedo et aI., 
2004). 
In summary, we report herein for the first time a clear effect of hCG 
on the growth of T. erassiceps and T. solium cysticerci, which may be 
of biological relevance, with particular characteristics for each cestode. 
In addition, the effect of hCG upon T. solium and T. crassiceps cysti-
cerci encouraged us to propose the presence of a human trophoblastic 
LH/chorionic gonadotropin like receptor in these parasites, which could 
be involved in the increased susceptibility of female mice and pregnant 
pigs (Morales et aI., 2002; Morales-Montor and Larralde, 2005). 
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support. Isabel Perez Montfort corrected the English version of the man· 
uscript. This study was supported by the Direcci6n General de Asuntos 
de Personal Academico (IN221905), CONACYT (46953-M), the How-
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National Seroprevalence of Toxoplasma gondii in India 
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ABSTRACT: This article reports the first national serological prevalence 
of Toxoplasma gondii in India. In total, 23,094 serum samples were 
tested for T. gondii IgG and IgM antibodies with the use of a solid-
phase immunocapture ELISA. Antibodies (IgG) were found in 24.3%; 
IgM antibodies were detected in 2% of the samples. The lowest sero-
prevalences were in the northern parts of India, with the highest in the 
south. These data probably reflect the effects of significantly drier con-
ditions and, therefore, a negative impact on the survivability of T. gondii 
oocysts. 
Toxoplasma gondii infection is prevalent in humans and other warm-
blooded animals throughout the world. Seroprevalence of T. gondii is 
very high in France and Germany, and in several countries in South 
America, as compared to North America, and is thought to be low in 
India (Dubey and Beattie, 1988; Tenter et aI., 2000). Nonetheless, little 
is known regarding the seroprevalence of T. gondii in humans in India. 
In the present article we report the first national seroprevalence survey 
of T. gondii antibodies in humans in India. 
In total, 23,094 serum samples were collected from I January 2005 
to 31 July 2005 from all over India through the authorized collection 
centers of Thyrocare Technologies Ltd. Venous blood was collected 
from all age group subjects by trained and authorized Thyrocare blood 
technicians, then centrifuged and sent to Central Processing Laboratory 
(CPL), Andheri, Mumbai, India. Ambient temperature was maintaiped 
during the transport of specimens by use of heat resistant containers 
and prefrozen cool packs. Specimens were tested within 6 hr of receipt 
at CPL in batches of 50-100. 
For the detection of T. gondii antibodies, IgG and IgM ELISA kits 
(Diagnostics Systems Lab Inc., Webster, Texas) were used for testing; 
data were interpreted following the manufacturer's instructions (Mandel 
et aI., 1995). Each kit contains a cut off control, a negative control, and 
a positive control. Optical density (OD) of the final color obtained was 
measured at a dual wavelength of 650 an<1 '450 nm. To interpret the 
results, sample OD was divided by the cut off control OD, and the 
resulting value was used for interpretation. Samples with an OD ratio 
<0.9 were considered negative, > 1.11 were considered positive, and 
those between 0.9 and 1.11 were considered to be doubtful or border-
line. 
Of 23,094 samples tested, 5,611 (24.3%) had IgG antibodies for T. 
gondii, whereas IgM antibodies were present only in 469 specimens 
(2.0%); 354 (1.5%) specimens possessed both IgG and IgM antibodies. 
In the present study, a regional trend in seroprevalence was also ob-
served (Table I). Thus, prevalence was significantly lower in northern 
India compared to the rest of the country. The climate in northern India 
is extreme cold and hot, but dry. These conditions are not very favor-
able for T. gondii oocyst survival (Dubey and Beattie, 1988). 
A major route of T. gondii infection worldwide is through the inges-
tion of improperly cooked meat. In India, where a major proportion of 
TABLE 1. Seroprevalence of Toxoplasma gondii IgG and IgM antibodies 
in humans in India. 
State IgG (%) IgM (%) 
North zone 
Rajasthan 9.4 0.9 
Haryana 10.6 0.4 
Punjab 13.3 1.0 
Bihar 15.3 1.8 
Delhi 15.8 2.1 
Uttar Pradesh 19.3 1.8 
Chandigarh 19.9 1.0 
East zone 
Bengal 20.0 1.2 
Orissa 21.5 1.6 
Assam 29.1 2.0 
Tripura 24.6 2.0 
Arunachalpradesh 20.0 1.0 
West zone 
Maharashtra 31.5 2.47 
Goa 32.8 3.23 
South zone 
Tamilnadu 21.8 1.6 
Andhra Pradesh 25.2 2.8 
Karnataka 28.8 2.1 
Kerala 48.2 5.1 
Central zone 
Madhya Pradesh 17.2 1.5 
Jarkhand 18.3 1.4 
Gujart 18.7 3.0 
the population is vegetarian, ingestion of drinking water, or vegetables 
contaminated with T. gondii oocysts, is a likely source of human infec-
tion (Rawal, 1959; Hall et aI., 1999). 
Patients suffering from AIDS are especially vulnerable to infection 
by T. gondii (Luft et aI., 1993). With the growing prevalence of AIDS 
in India, the risk for acquisition of T. gondii also increases (Lindstrom 
et aI., 2006). Neonatal toxoplasmosis is also a worldwide concern, as 
it is in India (Singh, 2003; Yasodhara et aI., 2004; Boyer et aI., 2005). 
We thank Immunoshop India Pvt. Ltd. (Belapur, New Mumbai, India) 
for supplying ELISA test kits. We are grateful to Ebenezer Azhirvadam 
for his technical support in performing the tests. Dr. J. P. Dubey is 
sincerely thanked for his help in preparing the manuscript for publica-
tion. 
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ABSTRACT: In this study, we recovered Schistocephalus solidus plero-
cercoids from singly and multiply infected three-spine sticklebacks, 
Gasterosteus aculeatus, transferred them individually to in vitro culture 
conditions, and quantified their lifetime egg output. We found a signif-
icant difference in the relationships between plerocercoid mass and life-
time egg output for parasites recovered from singly and multiply in-
fected sticklebacks. Although egg output was strongly and positively 
related to plerocercoid mass amongst worms from singly infected fish, 
for those recovered from multiply infected sticklebacks the relationship 
was marginally nonsignificant and negative, with small worms achiev-
ing high levels of egg production. We suggest 2 hypotheses that may 
explain differences in the egg production of plerocercoids from singly 
and multiply infected fish. One possibility is that smaller plerocercoids 
in asymmetric multiple infections develop precocially, in response to 
host manipulation strategies of larger worms that decrease survival 
prospects of the host. Alternatively, small worms in singly infected 
sticklebacks may be prevented from becoming sexually mature because 
they face energetic constraints associated with having to overcome the 
host's immune response alone. We discu~s- our results in terms of recent 
studies examining strategic egg production in helminths. 
Schistocephalus solidus is a pseudophyllidean cestode whose plero-
cercoids are common parasites of three-spine sticklebacks, Gasterosteus 
aculeatus, in freshwaters throughout the distribution of the fish (Arme 
and Owen, 1967; Wootton, 1976; Barber, 2006). Sticklebacks acquire 
infections when they ingest parasitized cyclopoid copepods; transmis-
sion to the definitive host (typically a fish-eating bird) occurs via pre-
dation (Smyth, 1994). Plerocercoids are progenetic, maturing rapidly 
into egg-producing hermaphroditic adults after transmission to the avian 
host and can be readily cultured in vitro to the adult form (Smyth, 1954, 
1990). This has facilitated the parasite's use as a model system to in-
vestigate egg production strategies (Wedekind et aI., 1998) and answer 
questions associated with the 'hermaphrodite's dilemma' (Milinski, 
2006). 
Although sticklebacks harboring single plerocercoids may sometimes 
be the most frequently recorded in infected popUlations, multiple infec-
tions are common (Arme and Owen, 1967) and can dominate (e.g., 
Heins et aI., 2002). In most infected stickleback populations, therefore, 
the majority of plerocercoids are likely to be found in multiply infected 
hosts. Because S. solidus plerocercoids appear to manipulate the behav-
ior of host fish to facilitate transmission to predatory birds when they 
achieve infectivity (Giles, 1983; Tierney et aI., 1993; Barber et aI., 
2004), small, noncompetent plerocercoids sharing a host with a larger, 
competent conspecifics would be in considerable danger of fatal pre-
mature transmission. Such worms would, therefore, benefit considerably 
by investing in rapid sexual development to achieve competence before 
the predation of their stickleback host. Given that S. solidus is capable 
of discriminating between potential mating partners in experimental 
tests (LUscher and Wedekind, 2002), plerocercoids lying adjacent in the 
body cavity are expected to at least be capable of detecting each other's 
presence, and possibly of assessing their size and infective status. 
.Therefore, in the present study, we tested whether the social situation 
experienced by developing plerocercoids might affect developmental 
strategies by examining the relationship between plerocercoid size and 
adult egg output for worms recovered from singly and multiply infected 
sticklebacks. We recovered plerocercoids from sticklebacks caught over 
an 18-mo period (January 2001 to June 2002) from a population in a 
small upland reservoir (Llyn Frongoch, Wales, U.K., 52°21 '39"N, 
3°52'46"W). After blotting away surface moisture, each plerocercoid 
was weighed (to 0.001 g) before being transferred individually to a 
culture vessel, of a design modified from Smyth (1954, 1990). Each 
vessel consisted of an autoclaved 100-ml boiling tube in which a 20-
cm loop of 6-mm-diameter dialysis membrane (Medicell International 
Ltd., London, U.K.) was suspended in I of 2 types of culture media 
(either 100% horse serum, or a 1:1 mixture of horse serum and RPMI-
1640 cell culture medium). The dialysis membrane was connected to 
glass tubes at either end that passed through a rubber bung, which 
otherwise sealed the vessel; nonabsorbent cotton wool was used to plug 
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FIGURE I. The relationship between plerocercoid mass and lifetime 
egg output for plerocercoids recovered from (a) singly and (b) multiply 
infected host three-spine sticklebacks . • , 0 = 1: I horse serum: RPMI-
1640 medium; ., D = 100% horse serum. In each figure, the line of 
best fit is drawn for the pooled data (solid line) and for worms cultured 
in the 1:1 horse serum: RPMI-1640 medium only (broken line). 
the tubes after the plerocercoid had been introduced. Each culture ves-
sel, therefore, contained a single plerocercoid of known mass from ei-
ther a singly or a multiply infected stickleback. Culture vessels were 
then incubated in a water bath at 40 C and continually shaken to dis-
perse metabolic products. Individual plerocercoids were checked twice 
daily for signs of activity and were removed when they had been in-
active for 2 consecutive days, i.e., when they were considered to be 
dead. Worms surviving for less than 3 days in culture were removed 
from the analysis. Any worms still living on day 10 were removed from 
culture, since by this time egg production was expected to have ceased 
(Tierney and Crompton, 1992). Eggs were flushed from the dialysis 
membrane with distilled water and the suspension was centrifuged in 
10-ml tubes at 332 g for 4 min. Volume was reduced to 2 ml and the 
eggs were resuspended by vigorous pipette action. For each parasite, 
total egg output was estimated by undertaking separate hemocytometer 
counts of eggs in 10 1.8-fd samples drawn from the resuspended egg 
solution, each counted under xl 00 magnification. The highest and low-
est egg counts from each worm were discarded and the total egg output 
of each individual parasite was calculated from the mean egg count of 
the remaining 8 samples. For statistical analysis, both plerocercoid mass 
and egg output were normalized by 10giO transformation to meet the 
requirements of parametric testing. 
Host sticklebacks harbored between I and 8 S. solidus plerocercoids, 
with most multiply infected fish (22/29) harboring 2-3 plerocercoids. 
Plerocercoids used in the study recovered from singly infected fish (n 
= 25) ranged in mass from 0.023 g to 0.385 g (x = 0.081 g), whereas 
those from multiply infected fish (n = 29) ranged in mass from 0.013 
g to 0.144 g (x = 0.077 g). The mean (::+:SD) survival time of worms 
in culture was 7.1 ::+: 2.2 days. The type of medium used had no effect 
on the egg output of plerocercoids from singly (ANCOYA, with ple-
rocercoid mass as covariate, [slope] F 12 , = 0.46, P = 0.51, [elevation] 
F'.22 = 0.48, P = 0.50) or multiply itifected sticklebacks (AN COY A, 
with plerocercoid mass as covariate, [slope] F I.25 = 1.02, P = 0.32, 
[elevation] F'.26 = 0.00, P = 0.97). Pooling data from worms cultured 
in both types of medium, there was a highly significant positive rela-
tionship between plerocercoid mass and total egg output amongst ple-
rocercoids recovered from singly infected fish (linear regression: 
10glll[eggs] = 7.33 + 2.11 ·loglO[mass], i' = 0.63, F'.23 = 42.1, P < 
0.0005; Fig. 1 a). However, worms recovered from multiply infected fish 
showed a marginally nonsignificant positive relationship (loglO[eggs] = 
4.66 - 0.472 ·logiO[mass], r2 = 0.08, Fl27 = 42.1, P = 0.082; Fig. Ib). 
The difference in the slope of the 2 relationships was highly significant 
(ANCOYA [slope] F'5o = 37.0, P < 0.0005) and extremely robust; the 
difference remained significant when only using data from worms cul-
tured in the I: I medium type (for which most data were available, F I •34 
= 27.2, P < 0.0005, shown by the broken lines in Fig. 1), and when 
comparison was further restricted to include only plerocercoids in a 
mass range that included worms from both singly and multiply infected 
hosts (F,,27 = 5.3, P = 0,029, indicated by the shaded area in Fig. 1). 
Previous studies examining the effect of S. solidus plerocercoid size 
on adult egg production have produced conflicting results. Tierney and 
Crompton (1992) detected no effect of plerocercoid size on egg density 
in the feces of Gallus gallus chicks, after feeding them plerocercoids 
of varying mass, However, it is not clear whether the plerocercoids used 
in that study emanated from singly or multiply infected sticklebacks; 
the lack of a relationship may have reflected their small sample size (n 
= 9) or, given our results, the use of plerocercoids from both types of 
host. Wedekind et al. (1998) demonstrated that when plerocercoids were 
matured alone in culture tubes, larger worms produced more eggs; how-
ever, when they cultured plerocercoids in pairs, potentially allowing 
cross-fertilization, the relationship disappeared. The start of egg pro-
duction was also delayed, the rate of production slowed, and larger eggs 
were produced when worms were cultured in pairs, suggesting that in-
vestment per egg was greater when out-crossing was possible (Wede-
kind et aI., 1998; Scharer and Wedekind, 1999), In our studies, all eggs 
were produced as a result of selfing, because plerocercoids were cul-
tured individually, and plerocercoids apparently do not exchange gam-
etes in the stickleback host (Schjorring and LUscher, 2003), 
However, although the consequences of reproducing singly or in pairs 
has been considered in detail, we are aware of only I other study in 
which the effect of the social situation experienced in the fish on egg 
production has been investigated, Thus, Schjorring and Luscher (2003) 
counted eggs produced by size-matched worms from singly and doubly 
infected sticklebacks and found a marginally higher output amongst 
those recovered from singly infected hosts; however, all plerocercoids 
used in that study were large (> 138 mg). Looking closely at our data, 
this finding is actually consistent with our results, becuase the difference 
in egg output of the largest worms from singly and multiply infected 
fish is slight, with, if anything, a tendency for single-worm infections 
to produce more eggs (Fig. 1), However, because we studied a wider 
range of plerocercoid sizes, we were able to show that amongst smaller 
worms, egg output was higher if they had been taken from multiply 
infected sticklebacks. If egg output in culture reliably reflects in vivo 
egg production in the avian intestine, then our results suggest that small-
er plerocercoids from multiply infected sticklebacks are capable of 
achieving higher egg output in the avian host than equivalently sized 
plerocercoids from singly infected fish. 
One explanation for our findings is that smaller worms may be 
'forced into' precocial advanced sexual development on detecting a 
larger coinfecting worm, to prepare for an otherwise fatal transmission 
event. If this is the case, and enforced rapid development does occur in 
smaller coinfecting worms, then we might predict that it should have 
longer-term fitness costs, compared to the patterns of development and 
egg production exhibited by singly infecting plerocercoids. The absence 
of a significant relationship between plerocercoid size and egg produc-
tion amongst multiply infecting plerocercoids could reflect such a cost. 
Developing the capacity to achieve high egg outputs at small body size 
could incur costs that impose constraints on egg production if trans-
mission is not immediate, but delayed. In other words, plerocercoids 
that are forced, through social factors, to invest in preparation for trans-
mission at a small body size may be constrained in their subsequent 
capacity to increase egg output with body size if transmission does not 
occur until much later. 
However, another mechanism could explain our results equally well. 
Recent experimental studies by Jager and Schj!Zlrring (2006) have dem-
onstrated that, contrary to naive expectations, in doubly infected stick-
lebacks with infections established sequentially with a l-wk gap, the 
second parasites to invade actually achieved a larger body size than the 
first parasite. Furthermore, these 'secondary' parasites also had a higher 
probability of survival. These findings contradict the results of similar 
studies on microparasites (Read and Taylor, 2001) and plant pathogens 
(Hood, 2003), but may be explained if the first parasite either suffers a 
higher cost of stimulating an initial host immune response, or if the 
second plerocercoid is capable of exploiting any immunosuppressive 
effect induced by the first (Jager and Schj!Zlrring, 2006). Because we 
used naturally, rather than experimentally, infected hosts we are unable 
to determine relative order of infection in our study. Nonetheless, it is 
possible that small plerocercoids from singly infected sticklebacks pro-
duce low numbers of eggs because they have had to overcome the host's 
immune system alone, whereas smaller plerocercoids in multiply in-
fected fish are able to exploit the efforts of 'pioneer' plerocercoids 
(some of which may die in the process) and as a result have more energy 
reserves for egg production. 
Determining the quality of eggs produced by small worms from mul-
tiply infected sticklebacks may provide the key to identifying which of 
these 2 explanations is more likely. If small worms in multiply infected 
hosts are forced into precocial egg production, then we might predict 
that the quality of these embryos would be low, with smaller egg size, 
reduced hatching success, and/or lower infection success of hatched 
coracidia. On the other hand, if the increased egg output by ·small 
worms from multiply infected hosts reflects emancipation from the host 
immune response, we would predict that eggs would be of high quality 
compared to those produced by size-matched worms from singly in-
fected fish. 
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Characterization of Toxoplasma gondii from Raccoons (Procyon lotor), Coyotes 
(Canis latrans), and Striped Skunks (Mephitis mephitis) in Wisconsin Identified Several 
Atypical Genotypes 
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ABSTRACT: During 2005-2006, sera and tissues from raccoons (Pro-
cyon lotor), coyotes (Canis latrans), and skunks (Mephitis mephitis) 
from the state of Wisconsin were tested for Toxoplasma gondii infec-
tion. Antibodies to T. gondii were found in 32 of 54 (59.2%) raccoons, 
18 of 35 (51.4%) coyotes, and 5 of 7 (71.4%) skunks using the modified 
agglutination test and a cut-off titer of 1:20. Pooled tissues (brains, 
hearts, and tongues) from 30 raccoons, 15 coyotes, and 1 skunk were 
bioassayed for T. gondii infection in mice or cats. Viable T. gondii was 
isolated from 5 of 30 (16.7%) raccoons, 6 of 15 (40.0%) coyotes, and 
the skunk. Genetic characterization of the 12 parasite isolates by mul-
tilocus PCR-RFLP markers revealed 6 different genotypes including 5 
atypical and 1 archetypal II lineages. The results indicate the prevalence 
of T. gondii in wildlife mammals is high and that these animals may 
serve as an important reservoir for transmission of T. gondii. 
Toxoplasma gondii isolates have been classified into 3 genetic Types 
(1, II, III) based on restriction fragment length polymorphism (RFLP) 
(Howe and Sibley, 1995; Howe et aI., 1997). Until recently most isolates 
of T. gondii were considered clonal, with little genetic diversity (Leh-
mann et aI., 2006); however, most of this information is derived from 
isolates from domestic animals and human patients. Little is known of 
the prevalence and distribution of genotypes of T. gondii in wildlife 
species (Dubey, Graham et aI., 2002; Dubey, Parnell et aI., 2004). In 
limited studies, all isolates of T. gondii from white-tailed deer were 
·found to be Type II at the SAG2 locus (Dubey, Graham et aI., 2004). 
Among marine mammals, viable T. gondii has been isolated from sea 
otters (Cole et aI., 2000; Lindsay et aI., 2001; Miller et aI., 2001; Conrad 
et aI., 2005), a Pacific harbor seal (Miller et aI., 2001), and a California 
sea lion (Conrad et aI., 2005). These isolates from marine mammals 
have been PCR-RFLP genotyped into 2 groups, including the archetypal 
II and a new type named "genotype x," with the latter being the ]Xe-
dominant type in sea otters (Miller et aI., 2004; Conrad et aI., 2005) .. 
These results are in contrast with the Type II genotype that is wide-
spread iii domestic animals and humans throughout North America and 
Europe. To further investigate the prevalence and genetic diversity of 
T. gondii in wildlife, we studied the genetic and biologic characteristics 
of isolates of T. gondii from striped skunks (Mephitis mephtis), coyotes 
(Canis latrans), and raccoons (Procyon lotor) from south-central Wis-
consin. .. / 
As part of a larger study to evaluate potential chronic wasting disease 
infection, we collected raccoons, skunks, and coyotes from a 350 krn2 
area in Dane and Iowa counties (43'05"N and 89'50''W) of south-central 
Wisconsin from October to March 2005-2006. The landscape in this 
area is characterized by rolling hills and small stream valleys, with a 
mixture of dairy farms and oak-hickory woodlots, almost exclusively 
in private ownership. We obtained animal carcasses opportunistically 
from road kills, collaborating trappers, hunters, and using box traps. 
Sampling was neither random nor uniform across the study area, but 
primarily based on the distribution of trapper effort. Data recorded for 
each animal included a unique ID, geographic location, date collected, 
date processed, and prosector. Carcasses were refrigerated at 4 C until 
dissected for tissue sampling. Serum or body fluids and tissues (brains, 
hearts, and tongues) were sent cold from Madison, Wisconsin, to Belts-
ville, Maryland, for T. gondii examination. In total, 59 raccoons, 40 
coyotes, and 7 skunks were examined in the present study (Table I). 
Sera of carnivores were tested for T. gondii antibodies using 2-fold 
dilutions from 1 :20 to 1 :640 with the modified agglutination test (MAT) 
as described by Dubey and Desmonts (1987). 
Tissues of 40 animals with titers of 1:20 or higher and 6 animals (5 
raccoons, 1 coyote) without serum were bioassayed for T. gondii infec-
tion (7 in cats and 39 in mice) after results of serologic examination 
were available (Table I). For bioassay in mice, 50 g of pooled brain, 
heart, and tongue were homogenized, digested in acidic pepsin, neu-
tralized, and washed; the homogenate was inoculated subcutaneously 
into 4 out-bred female Swiss Webster mice obtained from Taconic 
Farms, Germantown, New York, as described (Dubey, 1998) (Table II). 
Imprints of lungs or brains of mice that died were examined for T. 
gondii tachyzoites or tissue cysts. Survivors were bled on days 40-42 
postinoculation (PI), and a 1 :25 dilution of serum from each mouse was 
tested for T. gondii antibodies with the MAT. Mice were killed 6 wk 
PI, and brains of all mice were examined for tissue cysts as described 
(Dubey and Beattie, 1988). The inoculated mice were considered in-
fected with T. gondii when tachyzoites or tissue cysts were found in 
tissues. 
Pooled tissues of 7 raccoons with titers of 1 :20 or higher (2 raccoons; 
1:80, 2 raccoons; 1:40, 1:320, 1:160 in 1 raccoon each) were fed to 1 
T. gondii-free cat each. Feces of inoculated cats were examined for 
shedding of T. gondii oocysts 3-14 days postingestion of carnivore 
tissues as previously described (Dubey et aI., 2002). Fecal floats were 
incubated in 2% sulfuric acid for I wk at room temperature on a shaker 
to allow sporulation of oocysts and were bioassayed orally in mice 
(Dubey and Beattie, 1988). Mice fed fecal floats were killed when they 
became ill or died after being fed oocysts. Their mesenteric lymph 
nodes were examined for tachyzoites, then homogenized in saline and 
inoculated into Swiss Webster mice. 
Toxoplasma gondii DNA was extracted from the tissues of all in-
fected mice from each group, and strain typing was initially performed 
using PCR-RFLP genetic markers SAG1, SAG2, SAG3, BTUB, and 
TABLE I. Serology and isolation of T. gondii from wild mammals collected in south-central Wisconsin during 2005-2006. 
Species Total no. Serum tested No. seropositive Animals bioassayed T. gondii isolated 
Raccoon (Procyon lotor) 59 54 32 30* 5 
Coyote (Canis latrans) 40 35 18 15 6 
Skunk (Mephitis mephitis) 7 7 5 
* Tissues of 7 raccoons were bioassayed in cats, and tbe rest were bioassayed in mice. 
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TABLE II. Isolation of T. gondii from wild mammals collected in south-central Wisconsin during 2005-2006. 
Host and I.D. Location Longitude, 
(Lab. no.) (county) latitude 
Raccoon 360 (5) Dane 89°44'54" 43°12'07" 
Raccoon 361 (6) Dane 89°44'54" 43°12'06" 
Raccoon 372 (17) Dane 89°43'43" 43°10'46" 
Raccoon 378 (23) Dane 89°43'23" 43°10'52" 
Raccoon 418 (82) Dane 89°43'20" 43°10'56" 
Coyote 325 (31) Iowa 89°55'58" 43°01'27" 
Coyote 335 (50) Iowa 89°56'16" 43°00'59" 
Coyote 339 (65) Dane 89°46'00" 43°10'59" 
Coyote 353 (90) Dane 89°42' 13" 43°11 '07" 
Coyote 356 (95) Dane 89°42'14" 43°11'20" 
Coyote 359 (98) Iowa 89°53'19" 43°10'20" 
Skunk 359 (102) Dane 89°41'54" 43°10'07" 
* Of 5 mice inoculated. 
t Cat-shed T. gondii oocysts. 
:j: Mice died days 30, 30, 30, 31 PI. 
§ Mouse died day 32 PI. 
GRA6 (Dubey et aI., 2006). One or 2 representative DNA extracts from 
mice infected with the same animal sample were genotyped with 6 
additional genetic markers including c22-8, c29-2, L358, PKl, a new 
SAG2, and Apico to further identify isolates with high resolution (Su 
et aI., 2006; Dubey et aI., 2007) by the same method described above. 
Allele types for all isolates were determined based on the RFLP patterns 
of 6 reference strains including RH88, PTG, CTG, COUGAR, MAS, 
and TgCatBr5 (Su et al., 2006). These reference strains allow us to 
capture most known alleles for each marker and to identify potential 
unique alleles in new samples. 
Antibodies to T. gondii were found in 32 of 54 (59.3%) raccoons, 
with titers of 1:20 in 12, 1:40 in 8, 1:80 in 4, 1:160 in 4, 1:320 in 3, 
and 1:640 or higher in 1. Antibodies to T. gondii were found in 18 of 
35 (51.4%) coyotes, with titers of 1:20 in 1, 1:40 in 7, 1:80 in 6, 
1:160 in 3, and 1:320 in 1. Antibodies to T. gondii were found in 5 of 
7 (71.4%) skunks, with titers of 1:40 in 1, 1:80 in 1, 1:320 in 2, and 
1 :640 or higher in 1. 
Toxoplasma gondii was isolated from 5 raccoons, 6 coyotes, and 1 
skunk (Table II); all 12 animals were adults. Two of the 5 isolates from 
raccoons were obtained by bioassay in cats. The 2 cats fed tissues from 
raccoons 360 and 361 shed oocysts. The mice fed sporulated oocysts 
Bioassay No. of mice 
in cats or positive for Strain 
MAT titer mice T. gondii* designation 
320 Catt Not done TgRaW 1 
40 Cat Not done TgRaW 2 
No serum Mice 4:1: TgRaW 3 
80 Mice 3 TgRaW 4 
40 Mice 2 TgRaW 5 
No serum Mice 4 TgCyW 1 
40 Mice 1 TgCyW 2 
80 Mice 5 TgCyW 3 
80 Mice 2 TgCyW 4 
160 Mice 1 TgCyW 5 
40 Mice 1§ TgCyW 6 
80 Mice 2 TgSkW 1 
from these isolates became ill 11 days PI, and tachyzoites were found 
in their mesenteric lymph nodes. The mice inoculated with homogenate 
of mesenteric lymph nodes from raccoon 5 remained asymptomatic, and 
tissue cysts were found in their brains. The mice inoculated with mes-
enteric lymph homogenate ofraccoon 6 died 19 days PI, and tachyzoites 
were found in their lungs. 
Genotyping of the 12 T. gondii isolates identified 6 different geno-
typic groups (Tables II, III). Three isolates, including TgRaWl, Tg-
CyW4, and TgCyW5, have Type II alleles at all 11 marker loci and, 
therefore, belong to the archetypal II lineage. Isolates TgCyW3 and 
TgSkWl have Type II alleles at 10 loci, except a Type I allele at locus 
Apico. Isolates TgRaW5, TgCyWl, and TgCyW2 have Type II alleles 
at 9 loci, except Type I alleles at loci L358 and Apico. Isolates TgRaW2 
and TgRaW3 have a combination of alleles I, II, and III at different 
loci. Isolates TgRaW4 and TgCyW6 each has a combination of alleles 
I and III at different loci and belong to 2 different genotypes. 
Seroprevalence of T. gondii in raccoons in the United States is high 
(for review see Dubey and Odening, 2001; Hancock et aI., 2005). Using 
a cutoff value of 1 :25 in MAT, antibodies were found in 48% to 70% 
of raccoons from the United States (Dubey et aI., 1992; Brillhart et al., 
1994; Dubey et aI., 1995; Hill et aI., 1998; Mitchell et aI., 1999; Lindsay 
TABLE III. Genotyping of T. gondii isolates from wildlife from south-central Wisconsin during 2005-2006. 
Markers 
T. gondii (5' + 3') 
strains SAG 1 SAG2* SAG2t SAG3 BTUB GRA6 c22-8 C29-2 L358 PKI Apico 
TgRaWl II or III II ~ , II II II II II II II II II 
TgCyW4 
TgCyW5 
TgRaW2 I III III III III II 
TgRaW3 
TgRaW4 I III III III III III III III III III 
TgRaW5 II or III II II II II II II II I II 
TgCyWl 
TgCyW2 
TgCyW3 II or III II II II II II II II II II 
TgSkWl 
TgCyW6 III III III III III III III III III 
* The SAG2 marker based on 5'- and 3'-end DNA sequence polymorphisms of SAG2 gene (Howe et aI., 1997). 
t The SAG2 marker developed recently based on 5' -end DNA sequence of SAG2 gene is able to identify additional alleles often seen in atypical T. gondii strains (Su 
et aI., 2006). 
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et a!., 2001; Dubey et a!., 2002; Hancock et a!., 2005; Mitchell et a!., 
2006). In the present study T. gondii antibodies were found in 32 of 54 
(59.2%) raccoons from Wisconsin, and T. gondii was isolated from 5 
of the 30 raccoons bioassayed. The only previous report of the isolation 
of T. gondii was from 7 of 33 raccoons from Georgia (Dubey et a!., 
2002). 
In the present study, T. gondii antibodies were found in 18 of 35 
(51.4%) coyotes, which is similar to the 62% seroprevalence in coyotes 
from Texas (Lindsay et a!., 1996). Toxoplasma gondii was isolated from 
the tissues of 6 coyotes from Wisconsin. The only previous report was 
recovery of viable T. gondii from tissues of 1 of 1 coyote bioassayed; 
this coyote was from Georgia and had a MAT titer of 1 :200 (Dubey et 
a!., 2004). Coyotes are considered resistant species to clinical toxoplas-
mosis, and we are not aware of any report of a clinical case of toxo-
plasmosis in this animal. Laboratory-reared coyotes fed T. gondii 00-
cysts or tissue cysts became infected but remained asymptomatic (Dub-
ey, 1982). 
As of yet, there is no clinical report of toxoplasmosis in skunks, 
although antibodies have been found in skunks surveyed from Canada 
and the United States (Quinn et a!., 1976; Schowalter et a!., 1980; Dub-
ey et a!., 1995; Smith and Frenkel, 1995; Hill et al., 1998; Mitchell et 
a!., 2006), and viable parasites were isolated from 3 of 6 skunks from 
Mississippi (Dubey et a!., 2004). Toxoplasma gondii was isolated from 
tissues of 1 of 1 skunk from Wisconsin. 
The low isolation (12 of 46 animals bioassayed) of T. gondii from 
animals in the present study was most likely related to the samples 
tested; it is likely that an unknown number of tissues had been exposed 
to freezing temperatures. Freezing is deleterious to T. gondii in tissues, 
as overnight storage in a household freezer kills tissue cysts (Dubey, 
1974; Kotula et a!., 1991). 
Identification of 6 different genotypic groups among 12 wild animals 
from a small geographic area would suggest a high diversity of T. gondii 
among wildlife in Wisconsin. Additional genotypes are expected to be 
identified if more samples are available or if samples are collected from 
a larger area. Three genotypic groups ([TgRaW1, TgCyW4, and Tg-
CyW5]; [TgCyW3 and TgSkW1]; [TgRaW5, TgCyW1, and TgCyW2]) 
differ from each other at only 1 or 2 loci, suggesting they are closely 
related, possibly from genetic recombination. Alleles from 3 major ge-
notypes (I, II, II) were seen in 2 strains (RaW2 and RaW3), but most 
of the strains have combinations of alleles from just I and II, or I and 
III. Of the 6 genotypic groups, 5 have the combination of alleles I, II, 
or III at different loci, and they are either recombinant or atypical lin-
eages, which can be distinguished only by DNA sequencing. In the 
present study genotyping results from (5' + 3') SAG2 (Howe et a!., 
1997) and the SAG2 (Su et a!., 2006) are in agreement with each other. 
Identification of the widely distributed Type II lineage from wildlife in 
this study is not surprising; however, why the Type II lineage is pre-
dominant in human and domestic animal infections remains to be elu-
cidated. 
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ABSTRACT: The prevalence of Toxoplasma gondii antibodies in 80 do-
mestic cats was studied in the city of Colima, Mexico, using an indirect 
IgG-ELISA. Antibodies were found in 28.8% of the cats, with signifi-
cantly higher (P = 0.029) prevalence in southern and central zones 
(33.8%) than the northern zone (6.6%). Prevalence among cats fed with 
homemade food was higher than those eating commercial pellets 
(40.6% [vs.] 20.8%; P = 0.055). Overall, the prevalence of T. gondii 
antibodies in the cats of Colima was lower than in many other countries. 
Toxoplasma gondii has the ability to infect a wide range of inter-
mediate hosts, including many mammals and birds. Infection may be 
acquired by ingestion of food or water contaminated with oocysts re-
leased in the feces of cats, which may persist in the environment for 
long periods, especially in warm, humid zones (Dubey, 2004). Thus, 
pet and feral cats are important in transmission to humans and may 
cause high prevalence and outbreaks (Eng et aI., 1999; Bahia-Oliveira 
et aI., 2003; Palanisamy et al., 2006). The. (lity of Colima, capital of the 
state with the same name, is located on the Pacific coast of Mexico 
103°43'N, 19°15'W, and 490 m above sea level. Mean annual temper-
ature and humidity in Colima are 25.3 C and 67%, respectively. 
High seroprevalence of T. gondii has been reported in humans in the 
state of Colima (Velasco-Castrej6n et aI., 1992). In the present study, 
seroprevalence of T. gondii was determined in pet cats in Colima, which 
has a population of approximately 8,400 domestic felines. A random 
sample size of 80 animals was then calculated estimating 20% preva-
lence, 99.9% confidence, and a 5.0% error level. Because there are 
marked socioeconomic differences between the northern, central, and 
southern regions of the city, a cartographic map was used to randomly 
select 27 cats per zone. Nevertheless, only 15 cats could be sampled in 
the northern zone, due to noncompliance of pet owners. All those who 
consented, answered a questionnaire regarding factors related to feline 
toxoplasmosis, including race, gender, age, type of food provided, i.e., 
commercial pellets (vs.) homemade food, general health care regime 
(regular vaccination and antiparasite treatments), and geographic zone. 
Under light anesthesia using an intramuscular injection with acetopra-
macine and ketarnine (0.1 mg/kg and 0.7 mg/kg body weight, respec-
tively), 5 ml of blood was taken from each animal. After clotting, the 
serum was separated and stored at -20 C until used. 
An indirect ELISA against a saline T. gondii RH strain crude antigen 
was adapted from a previously standardized technique used for rabbits 
(Figueroa-Castillo et aI., 2006). Using pre- and postexperimental infec-
tion samples, optimal laboratory conditions were determined for this cat 
assay, which differed from those of rabbits in the following ways: (1) 
the dilution of serum (l :400); (2) the use of locally produced biotiny-
lated anti-cat IgG at 8 /-Lg/ml in PBS-O.05% Tween 20; (3) incubation 
overnight at 4 C; and (4) inclusion of a streptavidin-peroxidase con-
jugate, diluted 1 :2,000 and left for 2 hr at 37 C. The reaction was 
developed with orthophenylendiamineiH20 2, and read at 492 nm. Some 
serum samples were tested by means of a western blot similar to that 
employed for humans, but adapted for cats (Vela-Amieva et aI., 2005); 
the same ELISA conjugates developed by 1,4-chloro-1-naphthollH20 2 
were used. An ELISA cutoff of 0.32 was calculated from the mean plus 
3 standard deviations of values obtained with samples from 15 cats with 
low probability of T. gondii infection, and negative by western blot. 
Sample size calculation and statistical analysis were performed using 
the Epi-INFO-2002 software of the Centers for Disease Control and 
Prevention, Atlanta, Georgia. The association of factors addressed with 
seropositivity was determined by odds ratio (OR), with 95% confidence 
intervals (CI), considering a P < 0.05 as significant by X2 or Fisher 
exact test (Rosner, 1998). 
Antibodies to T. gondii were found in 28.8% of cats. Seroprevalence 
in southern and central zones (33.8%) was significantly higher than in 
the northern zone (6.6%), probably because of poorer socio-economic 
conditions in the south-central part of the city (Table I). Because only 
15 cat owners in the northern zone allowed their pets to be sampled, 
the confidence interval observed was wide. As expected, those animals 
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TABLE I. Analysis of factors associated with seropositivity in pet cats of Colima, Mexico. 
Variable n Frequency of positive (%) OR CI95% P 
City zone 
Center/south 65 33.8 
North 15 6.6 
Food source 
Homemade 32 40.6 
Commercial pellets 48 20.8 
Breed 
Other 71 29.5 
Siamese 9 22.2 
Health care* 
None 40 29.6 
Yes 26 26.0 
Age 
Adult 48 31.2 
Juvenile 32 25.0 
Gender 
Female 39 30.0 
Male 41 26.8 
Use of sandbox 
No 72 29.0 
Yes 8 25.0 
* Habitual administration of vaccines and antiparasite regimens. 
t Fisher exact test. 
:j: X2 test. 
fed with homemade food, which included raw meat and leftovers, pre-
sented a higher prevalence of antibodies than those fed with commercial 
pellets. Other risks for T. gondii infection in cats were not significantly 
associated with the data generated (Table I). 
Although there are several studies on T. gondii infection in humans 
and other animals in Mexico (Varela et aI., 1961; Galvan Ramirez et 
al., 1999; Dubey et aI., 2004; Galvan Ramirez et al., 2005; Figueroa-
Castillo et al., 2006), little is known regarding the epidemiology of this 
parasite in Mexico. Varela et al. (1961) found dye-test antibodies in 
52.2% of cats in Mexico, but provided no details regarding the cats. 
Galvan Ramirez et al. (1999) reported that 64% of 59 cat owners lind 
70.8% of their cats in Guadalajara had T. gondii antibodies. Toxoplasma· 
gondii oocysts were found in the feces of 13 of 200 cats from Mexico 
City (de Aluja and Aguilar, 1977). For epidemiologic studies, serologic 
surveys in cats are more useful than the detection of oocysts because 
at any given time only 1 % of cats are shedding oocysts in their feces 
(Dubey, 2004). In the present study, 28.8% of cats were seropositive 
for T. gondii and they are likely to have shed oocysts and contaminated 
the environment. Given that feral cats were not studied in the present 
work, the actual prevalence for the whole "feline population might be 
higher. 
We are thankful to Janet Dorothy Hummel and J. P. Dubey for critical 
review of the manuscript and language revision. DANISCO, S.A. de 
C.Y. partially financed the study. 
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ABSTRACT: The range-wide population of American woodcock Scolo-
pax minor has been in slow, steady decline since the late 1960s. The 
parasite load carried by woodcock and its possible role in the population 
decline has not been investigated since the early 1 970s. A survey of 
parasites in American woodcock in Connecticut was undertaken in 
2002; Sarcocystis spp. was found in 32 of 78 (42%) individuals ex-
amined. Elongate sarcocysts, 25 X 125 p., containing numerous packed 
bradyzoites with distinct, tightly packed villar projections of the cyst 
wall, were found scattered throughout skeletal type and myocardial 
muscle. Sarcocystis spp. was also recorded during the earlier surveys 
and considered common, but was not examined with the use of electron 
microscopy. The present study includes the first ultrastructural descrip-
tion of Sarcocystis sp. in the skeletal muscle of woodcock and will 
serve as a basis for future comparisons in woodcock. 
Sarcocystis spp. include protozoan parasites commonly reported from 
the skeletal muscle of birds and mammals. They have been reported 
from many parts of the world in both captive and wild birds from 
several taxonomic groups including raptors, galliformes, and waterfowl. 
The life cycle of Sarcocystis sp. has been described as an obligatory 
2-host cycle with the definitive host, typically a carnivore or omnivore, 
infecting the intermediate host, usually an herbivore, via the ingestion 
of sporocysts in infected fecal matter. The definitive host is infected 
through consumption of skeletal muscle from the intermediate host that 
contains sarcocysts (Dubey et aI., 1989). Dubey and Odening (2001) 
observe that sarcocyst formation usually occurs in the intermediate (her-
bivore) host rather than the definitive (carnivore) host. 
American woodcock, Scoiopax minor (n = 78), legally harvested 
duri ng the 2002 arid 2003 hunting seasons in Connecticut (between 
FIGURE I. An image of a longitudinal histologic section of Sarco-
cystis sp. sarcocyst within cytoplasm of skeletal muscle cell of a wood-
cock. Stained with H&E. Bar = 50 p.m. 
41 °06'01"N, 73°43'07"W and 42°01'25"N, 7r48'03"W), were donated 
for use in a study surveying heavy metal and organochlorine body bur-
den , as well as parasite presence. All birds were used in this project 
according to the University of Connecticut's Institutional Animal Care 
and Use Committee protocol (No. B370 0601). Individuals were aged 
as after-hatch year (AHY) or young of the year (YOY), based on sec-
ondary wing feather examination (Martin, 1964), and the gender was 
determined by bill length and the combined width of the first 3 primary 
feathers (Artmann and Schroeder, 1976). Gender was confirmed by in-
ternal examination of reproductive organs. Due to the method of col-
lection, hunter harvest by shotgun, availability of usable tissues varied. 
Samples (number in parentheses) of liver (78), heart (72), pectoral 
skeletal muscle (78), kidney (68), lung (59), spleen (50), trachea (49), 
esophagus (36), intestine (28), brain (12), gonad (8 total, 6 ovary, and 
2 testes) , adrenal gland (6), pancreas (4), proventriculus (2), and ven-
triculus (1) tissues were collected, fixed in 10% neutral buffered for-
malin, and routinely processed for paraffin embedding (Sheehan and 
Hrapchek, 1980). Tissues were sectioned at 4 p.m, mounted on glass 
slides, stained with hematoxylin and eosin (H&E), and examined with 
the use of light microscopy. All prevalence data were analyzed for pres-
ence versus absence using a chi-square procedure in SAS (2002). 
A subset of skeletal muscle tissues (n = 4), taken at necropsy, were 
fixed in McDowell 's and Trump's solution (1 % gluteraldehyde, 3.7% 
formaldehyde, 0.085 M sodium phosphate, adjusted to pH 7.4 with 
sodium hydroxide), microwave processed under vacuum, embedded in 
LR White resin, medium grade (Electron Microscopy Sciences, Hat-
field , Pennsylvania) and polymerized via microwave irradiation. Thin 
sections were cut with a diamond knife, heavy-metal stained with uranyl 
acetate and lead citrate, and viewed with the use of a Philips 300 trans-
'mission electron microscope at 80 kYo 
Histologically, sarcocysts were found in skeletal and cardiac myo-
cytes, and were oval to elongate, ranging in size from 25 to 125 microns 
wide and 55 to 1, 150 p. long (Fig. J). The sarcocyst wall was thin «1 
p.m thick) and smooth. There were no lobules or septa visible by light 
microscopy. Numerous curved bradyzoites were densely packed within 
FIGURE 2. Transmission electron micrograph showing longitudinal 
section of Sarcocystis sp. from a woodcock showing thin primary cyst 
wall (W), septae (S), anterior conoid (AC), micronemes (MN), round 
to oval electron dense and lucent granules (G), elongate mitochondria 
(M), and nucleus (N). Bar = 1 p.m. 
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FlGURE 3. Transmission electron micrograph of a Sarcocystis sp. 
sarcocyst primary cyst walL Note villar projections (V), surface undu-
lations (S), central core (C), and ground substance (G), as well as host 
cell mitochondria (H) and myofibrils (M). Bar = 1 j.Lm. 
the sarcocysts (Fig. 2). Ultrastructurally, 2 representative sarcocysts 
were examined. Bradyzoites were approximately 2 X 7 j.L and were 
individually separated by thin septa; septa were continuous with the 
ground substance of the primary cyst wall (Fig. 2). The primary wall 
was approximately 0.28 j.L thick and had evenly spaced villar protrusions 
(n = 4), averaging 1.27 (:':0.29 SD) J.L apart, which interdigitated with 
host cell mitochondria (Fig. 3). These projections (n = 3) averaged 2.07 
(:':0.03 SD) J.L long and 0.47 (:':0.02 SD) J.L wide, with regular, small 
invaginations on the surface, and cores of granular material continuous 
with the ground substance (Fig. 3). The cyst wall of the samples ob-
tained from woodcock in our survey resembles that of both Sarcocystis 
odoi and S. fayeri (types 10 and II, respectively, in Dubey and Odening, 
2001), based on the shape and close proximity of the villar projections 
to one another as well as the diffuse ground substance; however, the 
cyst wall in our samples lacks the microtubules present in both reference 
wall types. It is possible that the lack of microtubules in our samples 
could be an artifact of preservation. The other possibility is that the 
species of sarcocytis we describe from woodcock has not been previ-
ously described. 
Sarcocystis sp. was first described microscopically in skeletal muscle 
in a single woodcock from Michigan by Blankenship (1957) and again 
in I of 6 birds (17%) from Massachusetts examined by Locke et aL 
(1965). Pursglove (1973), who examined pectoral skeletal and myocar-
dial tissues for Sarcocystis sp., undertook a more thorough investigation 
of overall parasite burden in woodcock (n = 235). That study, consisting 
of woodcock collected throughout the eastern migratory flyway, found 
Sarcocystis spp. in approximately 52% of the birds examined. Pursglove 
(1973) similarly reported that muscle tissue from 66% AHY examined 
contained cysts versus 36% of YOY. The .r~sults of the current study 
reveal an overall Sarcocystis sp. prevalence in striated muscle of 42% 
(33 of 78) and that AHY had a significantly higher prevalence of in-
fection, 76%, compared to YOY, 16%, (P < 0.0001). There was no 
significant difference between males and females for either AHY or 
YOY. Ninety-six percent of infected birds had cysts in pectoral skeletal 
muscle, the most common location for cysts. Sarcocystis sp. cysts were 
also present in heart muscle (13%) and peritracheal skeletal muscle 
(6%). 
The significant difference between AHY and YOY (P < 0.0001) 
Sarcocystis sp. prevalence in this study may be due to the increased 
likelihood of encountering the definitive host, or its contaminated feces, 
as an individual increases in age. Overall prevalence, as well as the 
differences by age, from the current study is comparable with that from 
Pursglove (1973). The difference in prevalence of Sarcocystis sp. in 
YOY woodcock between Pursglove (1973) (36%) and the current study 
(16%) may be the result of differences in sample size. Pursglove (1973) 
considered Sarcocystis sp. to be common because it was found in wood-
cock from every part of the U.S. range examined. Although the life 
cycle of Sarcocystis is reported to be an obligate 2-host cycle, the de-
finitive host for the American woodcock is not known at the present 
time. Woodcock are a prey item for a number of species, including 
skunks, opossums, foxes, and coyotes, as well as several raptor species, 
any of which could be the definitive host. 
Whether the species of Sarcocystis sp. reported here is the same as 
reported in previous cases is unknown. The Sarcocystis sp. occurrences 
previously reported in woodcock were not described on an ultrastruc-
tural level. The current descriptions will allow for comparisons with 
future cases of Sarcocystis sp. in woodcock. 
This project was supported by a donation from an anonymous private 
benefactor to the Wildlife Conservation Research Center in the De-
partment of Natural Resources Management and Engineering at the Uni-
versity of Connecticut. The authors wish to thank Denise Long-Wood-
ward for preparation of light microscopy slides and Stephen Daniels for 
preparing the slides for electron microscopy. 
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Hyperparasitism in Amblyomma rotundatum (Acari: Ixodidae) 
M. B. Labruna, S. M. M. Ahid*, H. S. Soares*, and A. C. D. Suassuna*, Departamento de Medicina Veterinaria Preventiva e Saude Animal, 
Faculdade de Medicina Veterinaria e Zootecni~, Universidade de Sao Paulo, Sao Paulo, SP, 05508-270, Brazil; *Departamento de Ciencias 
Animais, Universidade Federal Rural do Semi-Arido, Mossoro, RN , Brazil 59625-900. e-mail: labruna@usp.br 
ABSTRACT: In the present study, we report a case of hyperparasitism 
in Amblyomma rotundatum. During examination of live ticks immedi-
ately after collecting them from Boa constrictor snakes held in a reptile 
facility in Mossoro, RN, northeastern Brazil , I unengorged tick female 
was seen attached to the venter of a partially engorged female. The 
hypos tome and chelicerae of the unengorged female had penetrated the 
integument of the partially engorged female to the level of the basis 
capitulli and the palps were splayed outward. To our knowledge, we 
present the second report of hyperparasitism for the genus Amblyomma. 
The process of ticks feeding on other ticks of the same or different 
species is called hyperparasitism. Other names reported in the literature 
for this feeding process are tick cannibalism or homoparasitism (the 
latter is used only for conspecific ticks). Hyperparasitism has been fre-
quently observed among immature and adult Ornithodoros species 
(Helmy et aI. , 1983; Beck et aI., 1986; Oliver et aI., 1986; Endris et aI., 
1991). In ixodid ticks, hyperparasitism seems to be relatively common 
for some Ixodes species, always with male ticks parasitizing females 
(Moorhouse, 1966; Moorhouse and Heath, 1975; Ntiamoa-Baidu, 
1986). 
In the present study, we report a case of hyperparasitism in Ambly-
omma rotundatum, a Neotropical tick species with established popula-
tions extending from Florida (where it was introduced with toads) to 
Argentina (Oliver et aI., 1993; Guglielmone et aI., 2003). It feeds pri-
marily on cold-blooded animals, mainly toads and several snakes. Al-
though there have been at least 2 reports of the existence of the A. 
rotunda tum male, this tick has been considered to reproduce exclusively 
by parthenogenesis (Oba and Schumaker, 1983; Keirans and Oliver, 
1993; Labruna et aI., 2005). 
On II January 2007, a sample of 85 ticks was collected from 4 Boa 
constrictor snakes kept in the reptile facility of the Rural Federal Uni-
versity of the Semi-Arido, in Mossoro (05°11'5, 37°20'W), northeastern 
Brazil. Snakes in this facility have been seen infested by all parasitic 
stages of A. rotundatum for at least 4 yr. During this period, ovipositing 
females, egg masses, and unfed ticks were observed inside cracks and 
crevices of the facility several times (data not shown). Additional evi-
dence for A. rotundatum presence within the facility is the fact that the 
4 snakes sampled in the present study were born in there and had per-
manently remained there. Collected ticks were immediately taken alive 
to a nearby laboratory, held in a large Petri dish, and examined by 
stereomicroscopy. Ticks were identified as 81 females and I nymph of 
A. rotundatum. 
Within 15 min of tick removal from the snakes, a single unengorged 
female was seen attached to the venter (on the internal side of the right 
coxa II) of a partially engorged female. The hypostome and chelicerae 
of the unengorged female had penetrated the integument of the partially 
engorged female to the level of the basis capitulli, whereas the palps 
were splayed outward (Fig. I). When this attached female (here referred 
to as a parasitic female) was lifted up without detaching it from the 
partially engorged female (here referred to as a parasitized female), we 
could see a large scar immediately below the genital opening of the 
parasitized female (Fig. 2). A few minutes after this examination, the 
parasitic female detached by itself from the parasitized female. Detach-
ment left a wound in the integument that quickly dried, leaving a per-
manent scar. Hence, 2 scars were observed on the ventral side of the 
parasitized female, a large scar below the genital opening, and a smaller 
scar on the internal side of the right coxa II (Fig. 3). The small scar 
refers to the attachment site of the parasitic female, as shown in Figures 
I and 2. No other scars were observed on the body of the parasitized 
female. All ticks were preserved in alcohol, and they have been depos-
ited in the National Tick Collection (CNC) of the Faculty of Veterinary 
Medicine of the University of Sao Paulo (accession no. 1006). 
Although the small scar on the ventral side of the partially engorged 
female was probably the result of hyperparasitism, the second, much 
larger scar could be definitively attributed to hyperparasitism. The larger 
scar could have been the result of a much longer parasitic period (in 
comparison with the smaller scar) because of the presence of more 
abundant material that could be derived from the parasitic tick's saliva, 
i.e., cement. Alternatively, the large scar could have been caused by 
multiple ticks, resulting in the larger lesion on the tick idiosoma. Mul-
FIGURES 1-3. Hyperparasitism in Amblyomma rotundatum. (1) General view of the parasitic female attached to the parasitized female. (2) The 
parasitic female was lifted up without detaching it, showing a large scar (arrow) to the right, posterior to the genital opening of the parasitized 
female. (3) A view of the scars on the ventral side of parasitized female after detachment of the parasitic female. Arrowhead, genital opening. 
Small arrow, fresh scar where the parasitic female was attached to. Large arrow, old scar. Bar = I mm in all figures. 
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tiple scars due to hyperparasitism on a single tick specimen have been 
reported for several tick species (Moorhouse and Heath, 1975; Ntiamoa-
Baidu, 1986). The literature has reported that hyperparasitism scar is 
typically dark-colored (Ntiamoa-Baidu, 1986). In fact, the 2 scars ob-
served in A. rotundatum female were dark-colored when the tick was 
still alive (note the large scar in Fig. 2, taken when the tick was alive). 
However, after this female was preserved in alcohol for several weeks, 
the scar turned to white (Fig. 3, taken after the tick was alcohol-pre-
served). 
Among previous reports of hyperparasitism in ticks, Ixodes sp. males 
of various species attached to conspecific females in advanced state of 
engorgement (Moorhouse, 1966; Norval, 1974; Moorhouse and Heath, 
1975; Ntiamoa-Baidu, 1986). Similarly, hyperparasitism among argasid 
ticks (mostly Ornithodoros spp.) have generally referred to unengorged 
ticks feeding on engorged ticks (Londono, 1976; Helmy et aI., 1983; 
Endris et aI., 1991). 
To our knowledge, a previous report of hyperparasitism in Ambly-
omma ticks has been restricted to the study of Barber (1895), who 
documented a male of Amblyomma variegatum (reported as Hyalomma 
venustum, a current synonym of A. variegatum [Camicas et al., 1998]) 
attached to a conspecific engorged female in Antigua. Thereafter, hy-
perparasitism among metastriata ticks was reported for adults of both 
sexes of Hyalomma detritum (Usakov, 1961, cited by Moorhouse, 1966) 
and for nymphs of Hyalomma mauritanicum (Sergent, 1930); this latter 
taxon has been synonymized to H. detritum (Carnicas et al., 1998). 
Hyperparasitism was reported for females of both Aponomma aurugi-
nans and Boophilus microplus; however, both reports refer to Ixodes sp. 
males parasitizing metastriata females, under natural and laboratory 
conditions, respectively (Moorhouse and Heath, 1975). Additionally, 
there is 1 report of a female Boophilus annulatus attached to and suck-
ing blood from another conspecific female (Klyushkina, 1956, cited by 
Oliver et aI., 1986). Similarly, our report also refers to a female attached 
to a conspecific female, although a parthenogenetic tick species. To our 
knowledge, we present the second report of hyperparasitism for the 
genus Amblyomma. 
It has been suggested that hyperparasitism is an efficient method by 
which male ticks feed, providing some biological significance for the 
tick life cycle (Moorhouse, 1966; Ntiamoa-Baidu, 1986). On the con-
trary, the significance of hyperparasitism between 2 conspecific females 
over a natural host (likely observed in the present study) remains un-
known for the standpoint of tick biology. However, both hemolymph 
and blood fluids have been found in the gut of ticks that had fed by 
hyperparasitism on engorged ticks (Londono, 1976). Thus, hyperpara-
sitism may be an efficient method for horizontal transmission of tick-
borne agents, resulting in some significance for the maintenance of these 
agents in nature. In fact, laboratory tick-to-tick transmission of Dipet-
alonema vitae microfilariae by hyperparasitism has been reported in 
Ornithodoros tartakowskyi ticks (Votava et al., 1974; Londono, 1976), 
as well as the transmission of Borrelia crocidurae from infected to 
uninfected Ornithodoros erraticus ticks during the hyperparasitism 
feeding process (Helmy et aI., 1983). . 
This work was supported by FAPESP (Sao Paulo, Brazil) and CNPq 
(Brazil). 
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Gnathostoma procyonis From South Georgia and North Florida Raccoons 
J. Mitchell Lockhart, Department of Biology, Valdosta State University, 1500 North Patterson Street, Valdosta, Georgia 31698. 
e-mail: jmlockha@valdosta.edu 
ABSTRACT: From 2004 to 2006, 511 raccoons collected by the United 
States Department of Agriculture Wildlife Services as part of a study 
to evaluate the effects of mesomammalian predator removal on bob-
white-quail reproduction, were examined for the presence of Gnatho-
stoma procyonis, a nematode that parasitizes the stomach of its defini-
tive host, the raccoon, One hundred forty-one raccoons (27.6%) con-
tained G. procyonis, with males being equally infected (27.5%) as fe-
males (27.8%). Mean intensity did not differ significantly between sexes 
(males-mean = 2.88, range 1-17; females-mean = 2.78, range 
1-10) or between collection sites. A significant seasonal prevalence of 
G. procyonis was noted with a peak in March (43.3%, n = 120) and a 
minimum in September (5.4%, n = 37). Both collection sites exhibited 
significant seasonal decreases in G. procyonis, but were not significantly 
different from each other. There was no cumulative seasonal pattern in 
mean intensity of G. procyonis, and no seasonal pattern at either col-
lection site. Host weight was not related to either G. procyonis preva-
lence or mean intensity. Host removal did not have an apparent effect 
on prevalence or mean intensity of G. procyonis. 
The parasite fauna of the raccoon (Procyon lotor) has been well doc-
umented. Many studies have focused on regional or local evaluations 
of populations of raccoons for entire parasite fauna (Ingram, 1941; Har-
kema and Miller, 1964; Johnson, 1970; Bafundo et a!., 1980; Richard-
son et a!., 1992), typically incorporating less than 150 animals from a 
broad geographic area. Few studies have focused on individual sites 
and individual parasite species, with the primary exception being spe-
cific analyses for Baylisascaris procyonis, due to its human health im-
plications (Birch et a!., 1994; Sorvillo et aI., 2002; Eberhard et aI., 
2003). 
Gnathostoma procyon is Chandler (1942) is a nematode parasite in 
the stomach of raccoons. The life cycle of G. procyonis involves co-
pepods as first intermediate hosts, fish as second intermediate hosts, and 
cold-blooded vertebrates such as snakes, frogs, turtles, and alligators, 
as paratenic hosts (Ash, 1960, 1962a, 1962b). In the definitive host, 
ingested larvae migrate to the tissues for a brief period, then return to 
the stomach to reach adult stage 3-6 mo postinfection (Ash, 1962b). 
Adults produce large nodules in the stomach wall and may induce tis-
sues changes described as neoplasms (Chandler, 1942; Jordan and 
Hayes, 1959; Ash, 1962b). Females produce eggs that must reach water 
to embryonate. 
From 2001 to 2006, the United States Department of Agriculture-
Georgia Wildlife Services (USDA-GWS), in association with the Uni-
versity of Georgia (Athens, Georgia), Auburn University (Auburn, Al-
abama), Tall Timbers Research Station (Leon County, Florida), and the 
Jones Ecological Research Center (Mitchell County, Georgia), lethally 
removed mesomammalian nest predators of bobwhite quail from 4 sites 
in north Florida and south Georgia to determine whether spring and 
summer trapping to remove predators' ~ould provide landowners a 
means of enhancing quail production and populations on their land. 
Beginning in 2003, Valdosta State University (Valdosta, Georgia) and 
the author became involved with this study and, in 2004, began ex-
amining collected raccoons for the presence of G. procyonis. 
Objectives of this study were to determine prevalence and intensity 
of G. procyon is in raccoons from each study site, and to identify any 
seasonal or host sex relationship in worm prevalence and abundance. 
Secondary objectives included analysis of the effect host removal may 
have on parasite prevalence and abundance. 
Raccoons examined were collected between February/March and 
September, 2004-2006, from Pinebloom Plantation (PB-84°14'30"N, 
300 39'32''W), Mitchell County, Georgia and from Tall Timbers Re-
search Station (TTRS-84°19'21"N, 31°24'18"W), Leon County, Flor-
ida. Raccoons were trapped with leg-hold or live traps (then killed by 
gunshot), or were shot by spotlighting at night by USDA-GWS. Ap-
TABLE 1. Distribution of raccoons examined/collected, 2004-2006. * 
2004 2005 2006 
F M T F M T F M T 
Pinebloom 40 74 114 27 60 87 42 74 116 
Tall Timbers 29 50 79 21 38 59 17 39 56 
Total examined 69 124 193 48 98 146 59 113 172 
Total collected 98 177 275 77 149 226 81 176 257 
* (F = female, M = male, T = total). 
proximately 125 traps were placed each night at a variety of locations 
on each site for an average of 25,625 trap-nights per year at each col-
lection site. Whole animals were immediately frozen and transported to 
Valdosta State University, Valdosta, Georgia, and remained frozen until 
necropsy. Raccoons were thawed and weighed; the stomachs were re-
moved and opened longitudinally with scissors, and contents were 
screened through a No. 14 Tyler standard sieve. The internal lining of 
the stomach was visually examined and screened contents were visually 
examined for G. procyonis and examined with the aid of a dissecting 
microscope. Collected nematodes were fixed and stored in ethanol-glyc-
erine solution in sealed vials until definitive identifications could be 
performed. Nematodes were identified with the use of standard parasi-
tological keys. Representative G. procyonis specimens were deposited 
in the U.S. National Parasite Collection in Beltsville, Maryland, and 
were given accession numbers 099371.00, 099372.00, and 099373.00. 
Ecological terms as related to parasites are used as defined by Bush 
et al. (1997). Data analysis was performed with the use of JMP IN v. 
5.1.2. Individual yearly analysis was performed with the use of linear 
regression and host sex, and between-year comparisons were made with 
the use of Wilcoxon signed-rank tests. Statistical significance in all cas-
es was considered at P < 0.05. 
In total, 758 raccoons were collected by the USDA-GWS from 2004 
to 2006 at the 2 research sites (Table f). Of these, 511 were examined 
for the presence of G. procyonis and 141 (27.6%) were infected. There 
were no significant differences in the number of raccoons collected 
between years (P > 0.74) or between years at particular sites (TTRS-
P > 0.58 and PB-P > 0.82). 
A significant seasonal decrease in prevalence of G. procyonis oc-
curred from February/March to September (Fig. 1) in each year (2004-
P < 0.008; 2005-P < 0.04; 2006-P < 0.0008) and when seasonal 
data are considered cumulatively from 2004 to 2006 (P < 0.0003). 
Significant seasonal prevalence decreases occurred (Fig. 1) at both Pine-
blbom (P < 0.007) and Tall Timbers (P < 0.0003) and there was a 
significant difference in overall infection prevalence between sites (PB 
= 23.90%, TTRS = 33.51 %, P < 0.04). There was no detectable trend 
in infection prevalence (2004-29.02%; 2005-37.67%; 2006-
17.34%) between years (P > 0.61). 
Mean intensity of G. procyonis among 141 infected raccoons was 
2.84 (females-mean = 2.78, range 1-10; males-mean = 2.88, range 
1-17). There was no significant seasonal pattern (Fig. 2) in mean G. 
procyonis intensity at individual sites (PB-P > 0.05; TTRS-P > 
0.57), in either host sex (female-P > 0.67; male-P > 0.50), in any 
particular year (2004-P > 0.07; 2005-P > 0.35; 2006-P > 0.96), 
or when data are considered cumulatively from 2004 to 2006 (P > 
0.95). There was no significant difference in mean G. procyonis inten-
sity between collection year (P > 0.30), between sexes (P > 0.15), or 
between collection sites (P > 0.71). 
Prevalence and mean intensity of G. procyonis was greatest in rac-
coons weighing 5.0-5.9 kg (36.0% and 3.22, respectively) as only 3 
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FIGURE 1. Prevalence of Gnathostoma procyonis from south Georgia and north Florida, 2004-2006. 
negative animals in the 6.0-6.9-kg group were examined, and only 1 
positive animal, which contained 7 G. procyonis, was found in the 1.0-
1.9-kg group (Fig. 3). Neither prevalence (P > 0.33) nor mean intensity 
(P > 0.42) showed a significant trend with regard to weight of the host. 
The author became involved opportunistically with the predator re-
moval study and agreed to necropsy all collected predators in exchange 
for sample collection privileges. Few studies have evaluated seasonal 
prevalence of parasites of raccoons, typically due to low numbers of 
replicates in a given time period. This study afforded the opportunity 
to evaluate a large number of animals from 2 locations over 3 yr. 
Each study site encompassed roughly 1,600 ha and collection of rac-
coons each year appeared to be thorough and extensive. One might 
expect an overall decline in the host population or change in host den-
sity. However, even with a relatively similar trapping effort each year, 
similar numbers of raccoons were collected (Table I). Maintaining a 
stable population despite intense harvesting efforts may be accom-
plished by an increase in reproduction, producing more juveniles to 
replace animals being lost, or increased immigration into the population 
by animals colonizing newly vacant areas, or both. The data suggest . 
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FIGURE 2. Mean intensity of Gnathostoma procyonis from south 
Georgia and north Florida, 2004-2006. 
immigration may be the primary cause of new individuals in the rac-
coon population at each site, as few juveniles were captured at either 
location and many pregnant or lactating females were killed each 
spring/summer, resulting in the loss of litters. It thus appears there was 
a substantial pool of animals in the surrounding habitat available to 
immigrate in and replace removed individuals. 
Overall prevalence of infection was 27.6% and overall mean intensity 
of G. procyonis was 2.82 (range 1-17). These values compare favorably 
to past studies and suggest that G. procyonis is more common in the 
southern and eastern United States (Table II). A few animals were found 
to have empty nodules, and these were considered to be negative. These 
nodules may have been regressing and healing, as noted by Ash (1962b) 
and Johnson (1970). In retrospect, further documentation of these empty 
nodules may have provided critical information in regard to seasonal 
prevalence of G. procyonis. 
Chandler (1942) and Johnson (1970) each reported significantly low-
er prevalences of G. procyon is in summer and a peak in winter. Ash 
(1962b) suggested no apparent seasonal prevalence of G. procyonis in 
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TABLE II. Past occurrences of Gnathostoma procyonis. 
State Prevalence Range Citation 
AL 38.6% (59/153) Not reported Johnson, 1970 
AR 6.7% (2130) 0-1 Richardson, 1992 
GA 4.0% (4/100) Not reported Jordan and Hayes, 1959 
GA* 10.0% (1/10) 0-1 Schaffer et a!., 1981 
GA 31.3% (10/32) 0-57 Price and Harman, 1983 
GAlNC* 46.1% (6/13) 0-13 Schaffer et a!., 1981 
IL 5.6% (2/36) Not reported Barnstable and Dyer, 
1974 
IL 0.0% (0/245) 0 Snyder and Fitzgerald, 
1985 
IL 11.7% (7/60) Not reported Birch et a!., 1994 
KS 0.0% (0/128) 0 Robel et a!., 1989 
KY 27.1 % (19170) 0-30 Cole and Shoop, 1987 
SC 6.3% (1116) 0-1 Harkema and Miller, 
1962 
SD 0.0% (0/250) 0 Boddicker and Progulske, 
1968 
TN 9.1 % (23/253) 0-13 Bafundo et a!., 1980 
TN/KY 1.4% (2/145) 0-4 Smith et a!., 1985 
TNIVA* 0.0% (0/20) 0 Schaffer et a!., 1981 
WV* 0.0% (0/10) 0 Schaffer et a!., 1981 
Canada 0.0% (0/56) 0 Hoberg and McGee, 
1982 
* From this study, only raccoons considered "resident," i.e., not translocated, are 
presented. 
Louisiana in a study of 31 adult raccoons. No corroboration concerning 
winter prevalence can be made, because no winter trapping occurred as 
part of the predator removal study. Evidence presented here does sup-
port the concept of a winter/spring peak and fall minimum, as suggested 
by Chandler (1942) and Johnson (1970). I have no explanation for the 
apparent difference in prevalence between the 2 sites (PB = 23.90%, 
TTRS = 33.51 %). Tall Timbers Research Station has constant research 
activities performed throughout the Station and is much more inten-
sively managed than Pinebloom. This may have had some effect on the 
first intermediate, second intermediate, and paratenic host popUlation, 
leading to increased potential transmission opportunities for G. pro-
cyonis. 
Although not statistically significant, there appears to be an u\,ward 
trend in prevalence and mean intensity of G. procyonis in raccoons with 
regard to weight classification (Fig. 3). However, low replicate numbers 
at both ends of the weight classifications may have influenced statistical 
results. Indeed, if those questionable values (0.1-0.9- and 6.0-6.9-kg 
classifications and 7.0 mean intensity value) are eliminated, statistically 
significant increases (P < 0.05) in both G. procyonis prevalence and 
mean intensity are noted with regard to host weight. The life cycle of 
G. procyonis is such that raccoons are inf~cted by ingesting either fish 
or I of the other paratenic hosts (Ash, 1960, 1962a). Newly weaned 
raccoons are perhaps just beginning to utilize these food items and may 
not come into contact with G. procyonis until their second year, or later. 
Findings that no significant changes occurred in regard to prevalence 
or mean intensity from 2004 to 2006 suggest that no critical minimum 
host threshold (Anderson and May, 1979, 1981) was reached by re-
moval of raccoons to affect G. procyonis numbers. Although large num-
bers of potential hosts were removed from the host population, this 
apparently did not affect parasite prevalence or mean intensity. Exper-
imental analysis is warranted to further analyze the relationship between 
G. procyonis and its definitive host. 
Research was funded by a Valdosta State University Faculty Research 
Grant. I thank the U.S. Department of Agriculture-Georgia Wildlife 
Services for assistance in transportation and handling of collected ani-
mals. I also thank Laura Sesto and Brad Royal for assistance in nec-
ropsy of collected animals. 
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ABSTRACT: Species of Cryptosporidium infect a broad variety of ani-
mals. Because morphological features of the secreted oocysts are not 
useful in identifying the parasite at the species level, molecular tools 
were used to accomplish this task, leading to discovery of new Cryp-
tosporidium species. With the use of this approach, Cryptosporidium 
bovis has recently been described as a new species infecting bovines 
and several other hosts, but clearly distinct from C. parvum. In this 
report, we present a description of a Cryptosporidium sp. isolate from 
a newborn lamb from a farm in Spain. The isolate seemed to be very 
similar to C. bovis based on the analysis of the gene that codes for the 
18S rRNA. 
Cryptosporidium spp. are coccidian parasites that infect a variety of 
vertebrates including mammals, birds, reptiles, amphibians, and fish. To 
date, 15 valid species have been recognized within this genus (Fayer, 
2004; Ryan et aI., 2004; Xiao et aI., 2004; Fayer, Santin, and Xiao, 
2005). Among species that infect humans, Cryptosporidium parvum and 
C. hominis are associated with outbreaks worldwide. Several strains 
(genotypes), especially of C. parvum, have been characterized based on 
the DNA sequence of different genes. Some of these strains have been 
recently classified as new species based on genotypic and phenotypic 
data (Fayer et aI., 2001; Morgan-Ryan et aI., 2002). Correct identifi-
cation of Cryptosporidium species in clinical specimens and in envi-
ronmental samples is important, because it provides information that is 
important for epidemiological investigations. • 
Based on a 18S rRNA gene sequence that was only about 44% com-
plete and partial sequences of 2 other genes (actin and HSP-70), as well 
as the host specificity, Fayer, Santin, and Xiao (2005) described the new 
species, Cryptosporidium bovis (previously known as Cryptosporidium 
genotype bovine B). This species was found in 79 calves (Santin et aI., 
2004), and in 24, 12- to 24-mo-old heifers (Fayer, Santin, Trout, and 
Greiner, 2005), as well as in 10, 9- to ll-mo-old calves from farms 
located on the east coast of the U.S. (Fayet: Santin, and Xiao, 2005). 
The same species was also found in 14 mature sheep in Western Aus-
tralia (Ryan et aI., 2005), in 15 calves in Zambia, in 9 preweaned and 
4 postweaned calves, and 2 milking cows in Georgia, in 5 calves and 
a yak in China, and 11 calves in India (Feng et aI., 2007). Analysis of 
sequences from 3 unlinked genes, i.e., 18S rRNA, HSP70, and actin, 
showed clear differences among C. bovis, C. parvum, and C. parvum 
deer and deer-like genotypes. Although C. parvum seems to be more 
prevalent in dairy calves younger than 2 mo, C. bovis was found to 
infect dairy calves aged 2-11 mo. Cryptosporidium bovis seems to be 
nonpathogenic in calves, whereas calves infected with C. parvum often 
suffered from diarrhea. Oocysts of C. bovis failed to infect neonatal 
BALB/c mice and lambs, whereas they were infectious to calves. In 
contrast, C. parvum infects many hosts (including BALC/c mice) and 
has also been found in mature sheep (Fayer, Santin, and Xiao, 2005). 
Fecal samples analyzed in the present study were part of a large 
investigation aimed at identifying intestinal pathogens collected from 
farmed and wild animals in the northwestern part of Spain (Navarro-i-
Martinez et aI., 2003). In total, 380 samples were analyzed and screened 
for the presence of Cryptosporidium sp. oocysts by examination of acid-
fast (Kinyoun) and auramine-stained smears. Positive samples identified 
by these stains were also examined by the direct fluorescent antibody 
(DFA) test (Crypto-Giardia DFA, Meridian Diagnostics, Cincinnati, 
Ohio). Aliquots of samples found to contain Crypto.lporidium sp. 00-
cysts were preserved in ethanol at 4 C for molecular analysis. 
One of these samples was obtained from an 8-day-old lamb that died 
in conjunction with massive diarrhea. Oocysts of the Cryptosporidium 
sp. found in the deceased lamb were morphologically similar to C. 
parvum, as shown in smears stained by Kinyoun's acid-fast method 
(Fig. 1). 
DNA was extracted from this sample by using the Fast DNA kit and 
the FPI20 disrupter (MP Biomedicals, Solon, Ohio) as described pre-
viously (da Silva et aI., 1999). Extracted DNA was stored at 4 C until 
PCR amplification. 
For the amplification of the complete gene coding forl8S rRNA, 
CRYPTOFL (5' -aacctggttgatcctgccag tagtcat-3') and CRYPTOR 
(5' -gcttgatcct tctgcaggttcacctac-3') that correspond to the ends of this 
molecule, were used as primers. In addition, CPB-DIAGF and CPF-
DIAGR primers were used as described by Johnson et al. (1995). We 
also used combinations of some of these primers for additional ampli-
fications. 
PCR reactions were analyzed by agarose gel electrophoresis, with the 
use of 2% agarose gels, which were stained with ethidium bromide and 
visualized on a UV transilluminator (Fotodyne Inc., Hartland, Wiscon-
sin). 
Amplicons were purified with the use of the StrataPrep PCR Purifi-
cation kit for DNA sequencing analysis (Stratagene, Inc., La Jolla, Cal-
ifornia). Purified PCR products were then sequenced with the use of 
the BigDye version 3.1 kit (Applied Biosystems, Foster City, California) 
in a ABI 3100 DNA sequence analyzer (Applied Biosystems). Both 
strands of the amplified DNA fragments were sequenced and sequenc-
ing accuracy was confirmed by resequencing of newly amplified PCR 
products. Assembly of contigs, BLAST searches, and alignments of the 
DNA sequences for identification of nucleotide substitutions were done 
with the use of the GeneStudio Pro (Suwanee, Georgia) molecular bi-
ology software suite. 
Initially, we tried to amplify the full-length 18S rRNA gene of this 
sample using the generic apicomplexan primers CRYPTOFLICRYP-
TOR. No amplification product was obtained with the use of this com-
bination; this may be explained by the low concentration, or poor qual-
ity, or both, of the template DNA. In addition, amplification with the 
primer pair CPB-DIAGF/CPB-DIAGR was also unsuccessful. Never-
theless, successful amplification of a DNA fragment of the expected 
size was obtained with the combination of primers CRYPTOFL and 
FIGURE I. Photographs of the lamb.affected (A, B) and image of 
the lamb stool smears stained with the Kinyoun's staining method (e). 
Oocysts were round, measuring 4.2 to 5.4 J..l.m in diameter. 
CPB-DIAGR. DNA sequencing revealed that the 1,022 bp fragment 
obtained with these primers included the complete 5' end of the 18S 
rRNA gene and matched the overlapping region the C. bovis 18S rRNA 
partia l sequence according to Fayer, Santin, and Xiao (2005), GenBank 
AY741 305, and an unpublished sequence with the GenBank accession 
number AF280053 with 2 differences, i.e., T/A at posi tion 640 and 
NG at position 814. In addition, our sequences showed 3 mixed sites, 
i.e., Y at position 639 and R at positions 643 and 659. These mixed 
positions in the region coding for the 18S rRNA gene may result from 
polymorphism among multiple genes coding for this molecule among 
apicomplexans (Eberhard et aI., 1999). Recently, a C. bovis-like ge-
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notype with GenBank accession number DQ871346 was reported in a 
yak from China by Feng et aI. (2007); it showed the same 2 differences 
at positions 640 and 814, and in add ition a T at position 639, con'e-
sponding with I of the mixed positions identified in our isolate. The 
partial 18S rRNA sequence for the isolate described in this study is 
available in GenBank under accession number DQ99 I 389. 
While analyzing the region of this sequence corresponding to the 
CPB-DIAGF primer (598-618 of DQ99 1389), we found that it differs 
a t positions 13-16 of the primer (AATC instead of GGAT). Thus, we 
designed a new primer CPB-DIAGFI: 5' -aagctcgtagttaatcttctg-Y. This 
primer was used successfully in combination with the primer CRYP-
TOR to amplify the remaining part of the gene coding for 18S rRNA 
of our isolate. The complete sequence of this gene was 1,732 bp long 
and is available in GenBank under the accession number EF514234. 
The isolate characterized in this study showed 99% similarity with 
the C. bovis 18S rRNA gene in a 435-bp-long fragment that includes 
the region with most variability found among Cryptosporidium species. 
Despite the fact that this sample was from the stool of an 8-day-old 
lamb that died displaying signs of acute diarrhea and rapid weight loss, 
we have no proof that these symptoms were caused by an infection with 
this C. bovis-Iike organism. 
This research was financially supported in part from FEDERlDGSIC 
(grant lFD97-11 68). 
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ABSTRACT: Three species of flying fox (Pteropus hypomelanus, P. 
vampyrus, and P. lylei) from Malaysia and Vietnam were screened for 
apicomplexan parasites by thin blood smears and polymerase chain re-
action. Only 1 of 16 bats sampled from 3 localities in southeast Asia 
was found to be infected (P. hypomelanus from Pulau Pangkor, Malay-
sia). We observed micro- and macrogametocytes, with morphology con-
sistent with Hepatocystis sp. parasites, using light microscopy. Phylo-
genetic analysis of the cytochrome b gene showed that the parasite from 
P. hypomelanus groups with 2 published sequences from Hepatocystis 
spp., including one from Cynopterus brachyotis, another fruit bat in the 
Pteropodidae. 
The study of malarial parasites in bats goes back to the nineteenth 
century (Dionisi, 1899); they were first observed in the Asian flying 
fox, Pteropus natalis, from Christmas Island by Durham less than a 
decade later (1908). In 2 independent reports, similar parasites of Pter-
opus species from Australia (Breinl, 1913) and India (Mackie, 1914) 
were described as Plasmodium pteropi and additional parasites were 
subsequently observed in Malaysian species of flying fox as well 
(Green, 1933; Bearup and Lawrence, 1947). Early workers reported 
only seeing gametocytes in the blood, but other parasitologists observed 
irregular erythrocytic schizonts (Rodhain, 1926) and even extracellular 
schizonts (Manwell, 1946). The parasites were later reclassified as spe-
cies of Hepatocystis after Garnham (1950) described the asexual liver 
stages of H. epomophori and found them to resemble H. kochi from 
primates. These parasites show macroscopic exo-erythrocytic schizonts 
in the liver and Garnham (1953) speculated that the blood-stage schiz-
onts observed previously were actually fragments from these large liver 
stages. Currently, Hepatocystis (Apicomplexa: Haemosporidia) contains 
25 known species (Levine, 1988), and it is only known to infect Old 
World mammals, with bats as the second most prevalent hosts next to 
primates (Garnham, 1966). 
Previous studies have documented a high prevalence of H. pteropi in 
Pteropus spp. from New Hebrides (Vanuatu) and Malaysia (McGhee, 
1949; Garnham, 1966). More recently, the prevalence of H. pteropi was 
quantified for other species of fruit bats, i:~~, Cynopterus brachyotis 
(39%) and C. horsfieldi (29%) from South Kalimantan, Indonesia (Mas-
bar et al., 1981). It should be noted that another Hepatocystis species, 
H. rodhain, has been described from a Malaysian microchiropteran host, 
Hipposideros galeritus (Landau et aI., 1976). The vectors for Hepato-
cystis spp. of flying foxes remain unknown. Experimental infections and 
wild collection of several arthropod species were both inconclusive in 
the search for Hepatocystis spp. vectors in primates and flying foxes 
(Bearup and Lawrence, 1947; Garnham, 1951). McGhee (1949) dis-
sected > 100 nycteribiid bat flies from Pteropus spp., also with negative 
results. 
As part of a larger study examining the population structure of flying 
foxes and the ecology of Nipah virus, we have been surveying and 
capturing animals from across southeast Asia. Three species that occur 
in continental southeast Asia have been sampled. Pteropus vampyrus, 
the world's largest bat, has a wide geographic range from southern 
Vietnam, Cambodia, Thailand, Malaysia, Philippines, and through much 
of Indonesia to East Timor (Kunz and Jones, 2000). Pteropus lylei has 
a narrower range, and it is found in southern Vietnam, Cambodia, and 
Thailand (Koopman, 1989). Pteropus hypomelanus, the island flying 
fox, has a wide, but fragmented, distribution throughout the Indo-Aus-
tralian region; it is primarily found on small off shore islands, often 
roosting in proximity to the coast (Jones and Kunz, 2000). These species 
overlap at some localities; P. vampyrus/P. lylei and P. vampyrus/P. 
hypomelanus have been found to roost together in the same trees in 
Cambodia and Malaysia, respectively (K. J. Olival, pers. comm.). 
From January to March 2006, blood samples were collected from 8 
P. hypomelanus on a small islet off the west coast of Pulau Pangkor, 
Malaysia (04.23593°N, 100.54056°E), 6 P. vampyrus from Soc Trang 
(09.60108°N, 105.97665°E) and Ca Mau (09.15258°N, 104.91347°E) 
Vietnam, and 2 P. lylei from Soc Trang, Vietnam (09.57849°N, 
105.972010 E). In Malaysia, bats were captured in mist nets set near 
diurnal roosting trees, and they were immediately removed from the net 
upon capture and held in cloth bags for ~ 1 hr before sampling. In 
Vietnam, local hunters and trappers captured the sampled bats in mist 
nets near feeding sites. Bats were anesthetized using ketamine:xylazine 
(8: 1.6 mglkg) administered intramuscularly. The health of each individ-
ual was assessed by physical examination while under anesthesia. A 
nominal body condition score, from excellent, good, fair, to poor, was 
assigned based on palpation of pectoral muscles and weight. Two mil-
liliters of blood was drawn from the brachial vein of anesthetized in-
dividuals. Thin blood smears were collected in the field, air-dried, and 
stored in plastic bags with silica desiccant. Several drops of blood were 
also collected on Whatman no. 4 filter paper for DNA assays. When 
present, nycteribiid bat flies (Cyclopodia spp.) were collected and pre-
served in ethanol. Animals were released at the site of capture after 
recovery from anesthesia. 
Slides were fixed and stained with Hema 3® staining kit (Biochemical 
Sciences, Inc., Swedesboro, New Jersey) in the lab after being trans-
ported.,from the field. Slides were scanned for parasites at X 1,000 with 
a light microscope for 7 min each. DNA was extracted from blood dots 
(n = 15) using QIAGEN (Valencia, California) DNeasy extraction kits 
per the protocol for animal tissues. The extraction protocol was modi-
fied slightly so that 2 aliquots of AE Buffer (preheated to 55 C) were 
combined for a total elution volume of 100 fLi. DNA extracted from 
blood dots were screened with cytochrome b primers DW2 (TAATGC 
CTAGACGTATTCCTGATTATCCAG) and 3932R (GACCCCAAGG 
TAATACATAACCC) and puReTaq polymerase chain reaction (PCR) 
beads (GE Healthcare, Piscataway, New Jersey). After an initial dena-
turation period of 4 min at 94 C, conditions were 35 cycles of 94 C for 
20 sec, 50 C for 10 sec, and 68 C for 45 sec. PCR products were cleaned 
using Agencourt Bioscience (Beverly, Massachusetts) AmPure magnet-
ic beads, cycle sequenced with Big Dye version 2.0 terminator mix 
(Applied Biosystems, Foster City, California), and DNA was precipi-
tated using Agencourt Bioscience CleanSeq magnetic beads. All se-
quencing was performed on ABI 3730xl capillary sequencers at the 
• 
10 um 
FIGURE I. Light microscopy (X 1 ,000) of infected red blood cell 
from Pteropus hypomelanus (PPH 008) showing macrogametocyte of 
Hepatocystis sp. 
Sackler Institute for Comparative Genomics at the American Museum 
of Natural History, New York. 
Sequences were edited in Sequencher version 4.6 (Gene Codes Cor-
poration, Ann Arbor, Michigan) and manually corrected for ambiguous 
base calls. In total, 1,038 base pairs were aligned with MAFFT version 
5.8 (Katoh et aI., 2005). Alignments were exported to PAUP version 
4.0blO (Swofford, 2002). Parsimony searches were performed with a 
heuristic search criteria and equal weighting of characters with gaps 
treated as missing data. Support values for nodes were determined using 
jackknife resampling with 100 replicates of the full heuristic search and 
deletion of 37% of characters in each search. 
Of the 16 individuals screened using thin blood smears and 15 using 
PCR assays of extracted blood (8 P. hypomelanus, 6 P. vampyrus, and 
2 P. lylei), only 1 specimen of P. hypomelanus (PPH 008) was positive 
for Hepatocystis sp. via both light microscopy and PCR. This individual 
was a young adult male (forearm = 137 mm, weight = 290 g) with a 
body condition score of fair. Light microscopy of thin blood smears 
revealed both micro- and macrogametocytes (Fig. 1). Phylogenetic anal-
ysis of the cytochrome b sequence (GenBank EF587238) and those of 
published primate and rodent malaria parasites (Escalante et aI., 1998; 
Perkins and Schall, 2002) showed that the parasite from P. hypomelanus 
groups as a sister to the Hepatocystis sp. from Cynopterus brachyotis, 
another fruit bat in the Pteropodidae (Fig. 2). Thus, based on morpho-
logical and molecular evidence presented here, it is likely that the ob-
served parasite is H. pteropi. However, it is possible that cryptic diver-
sity in the Hepatocystis spp. of flying foxes exists, and our observation 
was of a morphologically similar, but genetically distinct, species. A 
lack of comparable Hepatocystis spp. DNA sequences from the highly 
diverse fruit bat family Pteropodidae precluded us from assigning this 
parasite to the species leveL 
The identification of malarial parasites is dependent on one's adher-
ence to a morphological, genetic, or phylogenetic species concept, and 
it is not clear whether modern species concepts can be applied to all of 
the taxonomic groups of Plasmodiidae (Martinsen et aI., 2006). This 
preliminary study is among the first to use molecular and morphological 
data in distinguishing species of Hepatocystis parasites from chiropteran 
hosts. Morphological characters have been used for over a century to 
identify species of Plasmodiidae, but their reliability as indicators to 
phylogeny has been disputed (Perkins, 2000). To resolve this problem, 
reliable systematic characters must be found and used. The advent of 
molecular techniques has made these characters available. In many cas-
es, subpatent infections, undetectable by light microscopy, will be de-
tected by PCR (e.g., Perkins et aI., 1998; Vardo et aI., 2005). In our 
relatively limited sample, we found these independent measures of par-
asite prevalence to be entirely congruent, i.e., the only individual iden-
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FIGURE 2. Phylogenetic tree (strict consensus) of Plasmodium and 
Hepatocystis cytochrome b sequences, with new sample indicated in 
bold. 
tified as positive via molecular detection techniques for Hepatocystis 
sp. was also identified as positive using light microscopy. In surveying 
the malarial parasites of southeast Asian flying foxes, we have com-
bined both light microscopy and modern phylogenetic analyses, and the 
continued use of these combined methods will be necessary to provide 
increased resolution and confidence to the taxonomy of the Plasmodi-
idae. 
The 1 P. hypomelanus found positive for Hepatocystis sp. was the 
only individual sampled to receive a body condition score of "fair." 
All other individuals were rated "good" or "excellent." This finding is 
of interest as very little is known about the effect of these parasites on 
their native host species, and may suggest that bats suffer some degree 
of morbidity from infection with Hepatocystis spp. However, confound-
ing factors such as coinfection with other pathogens, diet, and the lim-
ited sample size must be considered. Experimental infections in a con-
trolled environment will be necessary to really assess the effects of 
Hepatocystis spp. on the health of these native hosts. 
We thank Tom Hughes, Abdul Karim B Abdul Hamid, Nguyen 
Truong Son, and Pham Duc Tien for assistance collecting samples. 
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ABSTRACT: From May 2003 to April 2004, blood samples from 395 
feeder pigs in Taiwan were examined for antibodies to Toxoplasma 
gondii using the latex agglutination test; antibodies (titer 1 :32 or higher) 
were found in 10.1 % of 395 pigs. The results indicate a high prevalence 
of infection in pigs in Taiwan destined for human consumption. 
. , 
Pigs are considered an important source of Toxoplasma gondii infec-
tion in many countries (Dubey and Beattie, 1988; Tenter et al., 2001). 
Infection by the protozoan parasite T. gondii is prevalent in animals 
and humans worldwide. Humans become infected with T. gondii usually 
by ingesting oocysts in food and water contaminated by cat feces or by 
consuming tissue cysts in undercooked meat (Dubey and Beattie, 1988). 
Consumption of raw or undercooked pork was considered as the main 
risk factor for T. gondii infection in people in Taiwan (Fan et aI., 2002), 
where pigs are considered an important food commodity. In a survey 
conducted more than 25 yr ago, T. gondii antibodies were found in 
27.7% of 3,880 pigs slaughtered in 8 counties of Taiwan (Chang et aI., 
1991). In another survey conducted in 1998, T. gondii antibodies were 
found in 28.8% of 111 pigs (Fan et aI., 2004). Here, we report that the 
T. gondii infection in pigs has decreased in the last decade. 
From October 2003 to October 2004, blood samples were collected 
from 395 pigs in slaughterhouses located in the north of Taiwan (Shulin 
city, Taipei County; Lujhu Township, Taoyuan County; Jhubei city, 
Hsinchu County). Sera were stored at -20 C until tested for T. gondii 
antibodies using the latex agglutination test (Toxo Test-MT, Eiken Co. 
Ltd., Tokyo, Japan). Sera were diluted 2-fold from 1:32 to 1:512. A 
1 :32 titer was considered as indicative of T. gondii infection (Chang et 
al., 1991). We analyzed seroprevalence in terms of seasonal relation-
ships using a chi-square test, where a P value of <0.05 was considered 
as significant (SPSS Inc., Chicago, Illinois) (Chen, 1993). 
Antibodies were found in 10.1 % of 395 pigs with titers of 1 :32 in 
18 pigs, 1:64 in 14 pigs, 1:128 in 6 pigs, and 1:256 in 2 pigs. Distri-
butions by month were 8.3% (4/48) in April, 21.3% (10/47) in May, 
15.4% (6/39) in June, 6.7% (3/45) in July, 5.6 % (2/36) in August, 
29.4% (10/34) in September, 3.7% (1127) in November, 3.3% (1/30) in 
December, and 16.7% (3/18) in February. The results of the present 
study indicate that the prevalence of T. gondii infection in pigs has 
decreased in the last decade. Nonetheless, a thorough cooking of pork 
is recommended before human consumption. 
We thank J. P. Dubey for critical reviews of the manuscript. 
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ABSTRACT: Surveys on the prevalence of various intestinal parasitic 
infections in different geographic regions is a prerequisite for devel-
oping appropriate control strategies. The aim of the present study was 
to determine the prevalence of intestinal parasitic infections in school-
children enrolled in various schools in Srinagar City, Kashmir, India, 
and to assess epidemiological factors associated with the extent of en-
demic disease. Stool samples were collected from 514 students enrolled 
in 4 middle schools. The samples were processed with the use of both 
simple smear and zinc sulphate concentration methods, and then micro-
scopically examined for intestinal parasites. Of the 514 students sur-
veyed, 46.7% had 1, or more, parasites. Prevalence of Ascaris lumbri-
coides was highest (28.4%), followed by Giardia lamblia (7.2%), Tri-
churis trichiura (4.9%), and Taenia saginata (3.7%). Conditions most 
frequently associated with infection included the water source, defeca-
tion site, personal hygiene, and the extent of maternal education. The 
study shows a relatively high prevalence of intestinal parasites and sug-
gests an imperative for the implementation of control measures. 
Poor hygienic living conditions give rise to parasitic infections in 
children, with the prevalence of such infections being an excellent in-
dicator of socioeconomic status (Schulz and Kroeger, 1992). Many hel-
minth parasites remain major contributors to morbidity in developing 
countries. Among the effects associated with these parasites are growth 
retardation, intestinal obstruction, hepatic and biliary diseases, impaired 
cognitive development, and nutritional effects such as iron deficiency 
anemia (Ramdath et aI., 1995; Simeon et aI., 1995). Intestinal parasites 
are transmitted through the contamination of water, soil, and food via 
feces, a direct consequence of poor hygienic and living conditions 
(Gamboa et al., 1998). According to a WHO (1997) estimate, globally 
there are 800-1,000 million cases of ascariasis, 700-900 million cases 
of trichiuriasis, 200 million cases of giardiasis, and 500 million cases 
of amoebiasis. 
Among the intestinal parasitic infections, helminth infections are the 
most common on the Indian subcontinent. According to WHO, the level 
of helminth infection can be viewed as an index of a community'S 
progress toward a desirable level of sanitation (WHO, 1981). There are 
only a few hospital-based studies on the prevalence of intestinal para-
sites in Kashmir (Khuroo, 1996; Ahmed et aI., 2002), which may not 
be a true indicator of the prevalence of gastrointestinal parasitic infes-
tation, because most asymptomatic children may have been missed. 
Therefore, the present study was undertaken to determine the prevalence 
of gastrointestinal parasites among schoolchildren of Srinagar City in 
Kashmir, India. 
Srinagar is the capital city of Kashmir Valley, located 1,730 m above 
sea level. The popUlation density in the city is 5561km2, the highest in 
state (Gupta, 2005). The study was carried out only in urban areas from 
April 2006 to October 2006, in 4 middle schools located in Rainawari, 
Dalgate, Soura, and Zoonimar localities of Srinagar City. Official meet-
ings with the personnel from health services, city councils, and middle 
schools, as well as parents and schoolchildren from the study sites, were 
carried out in order to explain the protocol of the study. In total, 514 
children between the ages of 5 and 14 (mean = 9.1 :!: 2.8 yr) with no 
disabilities or those not receiving antiparasitic treatment, were included 
in this study. The male/female ratio was 1.07:1. Initially, 560 children 
accepted to participate voluntarily, but 46 were rejected during the study 
because they either had contaminated fecal samples or decided not to 
participate. Written consents were required from both parents in order 
for the children to be included in the analysis. Children requiring med-
ical assistance were properly treated or referred for medical attention. 
With a view of maintaining age stratification, the study population was 
divided into 3 age groups, i.e., 5-8, 8-11, and 11-14. 
Collection of the socioeconomic characteristics of the children's fam-
ilies was undertaken with a structured questionnaire. The interviews 
were administered face-to-face with mothers in children's schools. The 
level of education of the mothers (below or above 10th class), sanitation 
facilities, type of drinking water (tap, well, or stream/pond water) and 
type of defecation site (open or modem sanitary latrine) were collected 
as proxy variables of socioeconomic conditions. The children's ages 
were obtained through school records. After the stool specimens were 
collected, the containers were labeled and immediately transported to 
the parasitology laboratory, Department of Zoology, University of 
Kashmir, for further processing. The specimens were prepared with the 
use of direct smear and zinc sulphate concentration techniques. The 
slides for protozoan examination were stained by Lugol's iodine. All 
the parasites recovered were recorded and descriptively analyzed. Sta-
tistical analysis was carried out by X2 test. 
Among 514 children subjected to stool examination, data reveal that 
240'(46.7%) cases were infected with either a helminth or a protozoan 
parasite, or both. Ascariasis (28.4%) was the most common infection, 
followed by giardiasis (7.2%). Trichiuriasis and taeniasis occurred in 
4.9 and 3.7%, respectively, of the children examined. A small propor-
tion of cases had multiple infections, i.e., 13 (2.5%) of study population. 
The study reveals that water source, condition of water, defecation site, 
personal hygiene, and maternal education, were significantly associated 
with the prevalence of intestinal infections (Table I) (P < 0.05), whereas 
age and sex were not significantly associated with it (P > 0.05) 
The present study indicated a relatively high prevalence (46.7%) of 
intestinal parasites in the schoolchildren of Srinagar City. Studies con-
ducted on the frequency distribution of gastrointestinal helminths by 
Bundy et aI. (1988) showed a high overall prevalence of 62% among 
the urban slum children of Malaysia. Rodriguez et aI. (2000) reported 
a high prevalence of 72% among the schoolchildren studied in a public 
institution in Maracaibo, Venezuela. Legesse and Erko (2004) also not-
ed a high prevalence of 88.2% among the schoolchildren in rural Ethi-
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TABLE 1. Factors associated with the prevalence of intestinal parasites. 
Prevalence 
Factor Total (%) X2 value P value 
Age lO.35 0.006 
5-8 167 41.91 
8-11 173 63.00 
11-14 174 35.05 
Sex 1.87 0.17 
Male 266 51.5 
Female 248 41.5 
Water Source 20.44 0.000 
Tap water 301 33.8 
Well water 162 57.4 
River/Stream water 51 88.23 
Condition of water 11.49 0.001 
Boiled water lO5 23.80 
Unboiled water 409 52.56 
Defecation site 38.22 0.000 
Open latrine 315 63.80 
Modem (flush) type 199 19.59 
Personal hygiene 51.57 0.000 
Clean nails 182 24.72 
Dirty nails 332 58.73 
Maternal education 6.98 0.03 
Illiterate 141 58.86 
Below Matric 291 45.70 
Above Matric 82 29.26 
opia, and Kabaterine et al. (2001) reported an overall prevalence of 
56% among the schoolchildren of southern Uganda. Ibrahim (2002) 
conducted a study among schoolchildren in the Gaza strip and found 
an overall prevalence of 36%. 
The high prevalence in Srinagar City is probably a consequence of 
a low standard of living, poor sanitation, lack of personal hygiene, tra-
ditional methods of agriculture, indiscriminate defecation, the use of 
night soil as fertilizers and other occupational work. 
Age-specific prevalence data show a relationship between age and 
prevalence of parasites. The highest prevalence, i.e., 63.0%, was 'Seen 
in the 8-11 age group (P < 0.05), followed by 41.9% in the 5-8 age 
group, and 35.3% in the 11-14-yr age group. Similar age-related prev-
alence variations among schoolchildren have been reported by other 
investigators. For example, Ibrahim (2002) in Gaza, Palestine, showed 
that most of the positive cases were clustered in the middle age group, 
followed by the 8- and 9-yr age groups. 
Even though gender was not a significant risk factor for prevalence 
of intestinal parasitic infections, males weu:, more likely to be infected 
(51.5%) than females (41.5%). This finding can be partially explained 
by the difference in gender behavior. Males in their early age are likely 
to acquire work responsibilities in outdoor environments and girls are 
likely to commence duties indoors because of social and religious re-
strictions. The outdoor environment, i.e., farmlands or playing fields, 
are a common place for defecation by males during working or playing 
hours and, therefore, contamination of soil in these areas would consti-
tute a significant risk for parasite transmission. Singh et ai. (1984) re-
ported similar results in their study of a rural community in Varanasi, 
India, where in males exhibited a higher prevalence of intestinal para-
sitism than females. A study conducted by Ibrahim (2002) on the prev-
alence of parasites among schoolchildren in Gaza, Palestine, likewise 
showed a significantly higher prevalence of infection among males com-
pared to females. 
Children who used drinking water from rivers or streams and wells were 
found to harbor a greater prevalence of infection than those who had access 
to tap water. This pattern of infection has been confirmed in the studies of 
Norhayati et al. (1998) and Narain et al. (2000). Curtis et al. (1995) dem-
onstrated that mothers from poor communities in Burkina-faso, Africa, with 
access to tap water in the yard, were more likely to use safe hygiene 
praCtices than mothers using wells in the yard. It is possible that poor 
hygiene practices associated with access to water is highly probable risk 
factor for increased parasitic infection among children. 
It is also evident from the present study that children with better 
personal hygiene had a lower prevalence of intestinal parasitic infec-
tions than those living in less hygienic conditions (P < 0.01). In our 
study, it was also found that maternal education was a significant risk 
factor for the prevalence of infection, i.e., prevalence of infection de-
creases as the level of maternal education increases. Apparently, this 
factor extensively contributes to controlling risk factors for intestinal 
infections. Maternal education has been found to be the most important 
risk factor for parasitism in other studies as well (Toma et aI., 1999; 
Phiri et aI., 2000). 
The present study reveals that intestinal parasites are abundant among 
schoolchildren of Srinagar City. This situation strongly calls for the 
institution of control measures, including treatment of infected individ-
uals, improvement of sanitation practices, and provision of clean water. 
The impact of each measure would be maximized through a health 
education program directed at schoolchildren and their mothers in par-
ticular, and to communities in general. 
We are grateful to all the children, their parents, and their teachers 
for their wholehearted cooperation. 
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The 83rd Annual Meeting of the American Society of Parasitologists 1 
The American Society of Parasitologists (ASP) announces our 83rd Annual Meeting 
to be held at the Hilton Arlington in Arlington, Texas, from June 27-30, 2008. 
Members and non-members are invited to submit abstracts for papers they intend 
to present as an oral presentation, poster, or if you are an invited speaker, as a 
contribution to one of our symposia or workshops. For all types of presentations, 
abstracts must be received on or before the deadline: March 7, 2008. The scientific 
Program & Abstracts booklet will be prepared from the abstracts received and will 
be available both on the ASP web site (http://asp.unl.edu.) and the Allen Press 
web site (TBA) in early May. Everyone registered for the meeting (either in advance 
or on site) can pick up their copy of the Program & Abstracts booklet at the 
meeting's registration desk in the Hilton Arlington. Additional copies of the 
Program may be purchased ($10.00 u.S. per copy) at the registration desk at the 
meeting or from Allen Press after the meeting. Please read and follow all instructions 
carefully to reduce confusion and save time and stress. Thank you! 
Registering for the Meeting 
At present, you can register for the meeting only with a hard copy registration 
form (print from http://asp.unl.edu). That form can be submitted with either a 
check or your credit card information. If you choose to register using a credit card, 
you will need to provide all the requested information (credit card type, number, 
expiration date) and an original signature on the form. In addition, you will be 
asked to add $5 to the registration costs for processing. Mail this form, either with 
your check or complete credit card information and signature to: Dr. John Janovy, 
Jr., ASP-2008, School of Biological Sciences, University of Nebraska-Lincoln, 
Lincoln, NE USA 68588-0118. Make your check payable to "ASP-200B." 
Electronic Registration 
As of this time, only checks and credit card charges submitted with original signa-
ture can be processed. On-line registration mechanisms and charges are still being 
negotiated with Allen Press. See the ASP web page (http://asp.unl.edu) or send an 
e-mail to jjanoVY1@unl.edu with the subject line "ASP" to be added to the listserv 
for on-line registration information as it becomes available. 
Costs: On/Before May 23 After May 23 
ASP Member ............................................... $180 ..................................... $210 
Student Member :j: •••••••••••••••••••••••••••••••••••• $ 80 ..................................... $100 
Non-ASP Member t .................................. $225 ............... _ .................... $260 
Accompanying Person ................................ $ 80 ..................................... $100 
Legends of the Game Museum 
Reception (Sunday 29th) * ................. $ 40 ..................................... $ 40 
t Non-members (both post-graduate and students) may join ASP ($75 and 
$15-35, respectively); the application form can be found at 
http://asp.unl.edu; click on the "Join the ASP" link on the left, download the 
form, complete it, and mail it to "John Janovy, Jr., ASP, School of Biological 
Sciences, UNL, Lincoln NE 68588-0118 USA." 
:j: Must be accompanied by a Certification of Student Status Form 
(go to http://asp.unl.edu). 
* Legends of the Game Baseball Museum is 24,000 square feet, on 3 levels, that 
features the history of baseball, special features on the Texas Rangers, and a 
panoramic view of Rangers Ballpark. Its exhibits, photos and computer 
interactives provide a unique and entertaining environment for sports fans 
and non-sports fans alike. A perfect place for a stand-up reception with 
cocktails and hors d'oeuvres - don't miss it! 
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Friday, March 7, 200B 
Receipt of all abstracts 
via theWWW. 
ASP Marc Dresden 
Student Travel Grant 
and Student Paper 
Competition 
applications. 
Friday, May 16, 200B 
Inquiries about 
scheduling/ acceptance 
of abstracts may be 
made to the ASP 
Scientific Program 
Officer after this date. 
Friday, May 23, 200B 
Early Meeting 
Registration forms 
are due. 
Thursday, June 5, 200B 
Hotel reservations must 
be made to secure the 
ASP conference rate for 
both regular rooms and 
student quads. 
Please follow all directions 
when submitting abstracts and 
when registering on-line for the 
meeting and the hotel. 
- CALL FOR PAPERS 
Airport 
Direct flights on most commercial 
airlines from anywhere in the world 
can easily be made to the Dallasj 
Fort Worth (DFW) International 
airport. Southwest Airline flights 
also are available, but these arrive 
at Love Field in Dallas, a 30-minute 
drive from the Hilton Arlington. 
Ground Transportation 
The Hilton has a free shuttle bus 
from DFW (but not from Love 
Field) to the hotel. When you arrive 
at DFW call the main switchboard 
at the Hilton (817-640-3322). 
Tell them the gate and terminal of 
your location and they will send the 
driver out. You will need to retrieve 
your luggage at your assigned 
baggage claim and proceed to the 
Lower Level. The shuttle is only 
allowed to pick up passengers on 
the lowest level. 
SuperShuttle 
The current rate from Love Field is 
$26.00 per person for one way. 
Download a $2.00-off coupon from 
the ASP website. 
Rental Vehicles 
Enterprise Rent-A-Car 
ASP has arranged a discount 
(Cars, vans, etc.) for the conference 
with Enterprise. 
Website: www.enterprise.com 
Corporate Discount Code: 
09C6599 Pass code: ASP 
Vehicles can be rented from DFW or 
Love Field Airports, or you can save 
an extra 20% in taxes by having 
Enterprise deliver your vehicle to 
your hotel. 
For hotel delivery, group rates, 
vehicle options, or questions, please 
contact Trevor Armstrong with 
Enterprise at 817 -244-3526 or 
trevor.armstrong@erac.com. 
-Hilton Arlington 
2401 East Lamar Boulevard 
Arlington, Texas, US. 76006-7503 
Tel: 1-817-640-3322 Fax: 1-817-633-1430 
Our meeting venue this year is the Hilton Arlington, a superb location in 
North Texas that is convenient for touring Dallas, Forth Worth, or Arlington itself. 
Situated just 10 miles south of DFW International Airport, the hotel offers 16 stories 
of comfort in the heart of the entertainment district of Arlington. Within one mile 
of the Hilton you can enjoy Texas Ranger games at Rangers Ballpark, exciting rides 
at Six Flags over Texas or Hurricane Harbor, and numerous museums, shopping, 
sightseeing, and other activities. The Hilton Arlington has a block of 520 room 
nights reserved for our members during our meeting. Room rates are $120 (+ 15% 
state and local tax + a $o.gojnight assessment fee) for a standard singlejdouble 
room and all reservations must be made before NOON, June 5,2008 to receive 
our group rate. Convention rates for the ASP Meeting are not available by online 
wholesalers (e.g., Priceline.com) and you jeopardize fulfilling our guaranteed room 
block by doing so. Twenty rooms have been designated especially for student 
occupancy at the reduced rate of $85.00 per room with quad occupancy. 
Note that parking at the Hilton will be FREE for everyone who is staying there 
during our meeting. Information to schedule the shuttle (and other transportation 
options) will be posted in the Program & Abstracts booklet which will be available 
online prior to the meeting. 
Hotel Reservations-General 
Each individual guest must make their own reservations. You can do this on-line 
by accessing the following link to make your reservation: http://www.hilton.com/ 
enjhijgroupsjpersonalizedj arlahhCaspjindex.jhtml or you can call 817-640-3322, 
ext. 6606. When you call, be certain to identify yourself as an ASP member; everyone 
will need to guarantee a first night room deposit with a major credit card. . 
Hotel Reservations-Student' Quads 
Unfortunately, there are no parasitologists at UT -Arlington; thus, there is no local 
committee to help you (students) with scheduling roommates for quads. However, 
our elected Student Representative will work with students registering for the 
meeting who want to share a quad. She will help you get organized and then will 
communicate directly with our representative at the Hilton, to provide her the name 
of the one person for each quad who will be responsible to secure the room with a 
credit card and be responsible to pay the bill at checkout (students sharing quads 
will need to work out their portions of the room cost with each other). Our Student 
Representative this year is Carrie Fyler (caroline.fyler@uconn.edu) and you can 
contact her when you are ready to make your room reservation. Carrie also has 
been in contact with last year's Student Representative, Liz Thiele, who will help 
her set up this year's ASP students' message board, so you will be able to 
communicate with each other and pair up to share rooms. More information and 
the url to follow. 
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-Abstracts must be submitted online (http://biology.unm.edu/asp) where 
you will find all the instructions for your submission(s). The deadline 
for receipt of abstracts is Friday, March 7, 2008. Everything in 
the meeting Program & Abstracts booklet is entered, formatted, edited, 
and produced electronically at The University of New Mexico. Please 
carefully read the directions below, and follow them. 
Acceptance/Scheduling of Abstracts 
Most abstracts, except those designating new taxa, will be accepted. 
Multiple papers being presented by one author may be restricted to two 
or three, with the remainder designated as posters at the discretion of 
the Scientific Program Officer. Notification of acceptance and/or 
scheduling of your paper is not automatic. If you need a letter to present 
to your administration stating that your abstract has been accepted, please 
be sure to check that box on the Web submission page. If you need to 
know the time and date that your paper is scheduled, please e-mail the 
ASP Scientific Program Officer for this specific information, but not before 
May 16, 2008, or you can check at http://biology.unm.edu/asp or at 
http://asp.unl.edu, where an electronic copy of the final Program & 
Abstracts booklet will be posted after that date. 
Preparing Your Abstract(s) 
All abstracts MUST be submitted in English. When writing your abstract, 
both the title and the content are important components. The 
TITLE should be short, concise, and indicative of the abstract; omit "the" 
wherever possible. Avoid general words like "Studies on" or 
"Investigations of." Use words with index retrieval value. On the Web 
abstract-submission page, you will be asked to indicate the presenting 
author of the paper or poster, which will be indicated by an asterisk (*) in 
the Program & Abstracts. The CONTENT should be a single paragraph 
of no more than 2,100 characters (including spaces, punctuation and 
HTML codes introduced by the abstract submission program) containing 
a concise statement of: (1) the problem under investigation; (2) the 
experimental methods used; and (3) the essential results obtained. The 
text should cite quantitative data from representative experiments or 
summary data. Scientific names should be written in full when first used, 
but on repetition abbreviate the genus name with the first 1etter of the 
genus only. Italicize all scientific names (as instructed on the Web 
abstract -submission page). We do not desire to prevent discussion of new 
taxa, but abstracts and/or titles which constitute the first designation of 
new taxa will not be accepted. Thus, do not use genus and species names 
of new taxa anywhere in your abstract. 
Submitting Your Abstract(s) 
Submit your abstract(s) via our Web page (http://biology.unm.edu/asp): 
Log-in as "asp" and use "parasites" as the password. Follow all directions, 
fill in all the boxes, and press "Submit." You will receive confirmation 
and a copy of your submitted abstract via a confirmation Web page; please 
print out this page so as to have your confirmation number. 
Note: Your abstract will be limited to 2,100 characters (all letters, 
punctuation, spaces, and HTML codes). Also note that the function to 
write/correct your abstract(s) and related information will be disabled 
at midnight on Friday, March 7,2008. 
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Symposia and Workshops 
In addition to our regular oral and poster 
presentations, we have a number of symposia 
and workshops in the planning stages. 
ASP Pruident's Symposium: "Lessons from the 
tree oflife: Illuminating macro':'parasite biology 
through ·molecular phylogenetic frameworks" 
organized by Steve Nadler. and ~orge Cain. 
Speakers: James .G. BaldWin (Nematodes), 
Martin Garcia (Acanthocephalans), PeterD. 
Olson· (Platyhelminthes} ••... 
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.amlfact91'sthar i:Ilay iiffect,~rsitr()f~~ifeS;' 
;V6thinhosts; Tim !n.de'r8oll(pnptilliti~:D; 
gelt!tl¢$ofparasilegenes): Lochiijder sel~~~ 
iii malaria. . 
A~'t,Stml.ilt~'·$YtnMaillmi· "Para~itdI~Yi . 
Public Awaren~ Through Literafure, Art',. and 
Film" organized by Carrie Pylet.. . .. " .. 
Speakers: Cad Zim.mer, Bill Campbell, 
and 1 TBA. 
Special Symposium: "Identifying and Inter-
preting Parasites from Archaeological Sites," 
will be a combination of posters and micro- . 
scopes with real parasites from Peru, Chile, 
Brazil, Mexico, and the USA. Organized by Karl 
CALL FOR PAPERS 
• 
Reinhard and Jose G. de Araujo Adauto. 
Other speakers: Chuck Faulkner, Kath-
arma Dittmar, and John Hawdon. 
The 40th en Coccidiosis Conference: Will 
include both the scientific portion and a hands-
on workshop to follow. Organized by John 
Barta and R. Scott Seville. The workshop 
portion will link taxonomy and systematiCs (i.e. 
alpha and beta'taxonomy) of the coccidia and 
will involve wet lab methods of collection and 
preservation/sporulation a.long with demon-
strating basic metbodsa$sociatedwith handling 
,coccidia., 
200 people to 
register for this reception to take place. 
Student Social 
A Student Social is being planned for all ASP 
students; the date and time will be ann9unced 
at the meeting.' " 
-Electronic Presentations-MS PowerPoint® 
MS PowerPoint® is the presentation standard for the meeting and 
presenters must use the PC computer provided in their session. The use 
of persomillaptops of any kind (PC or Mac) will not be allowed. Speakers 
should bring their presentation stored on CD-R, USB Flash Drive, or USB 
Pen Drive only; other storage formats may not be supported. Presenters 
must download their files to the PC of their session at least 30 minutes 
before the start of their session. Presenters are encouraged to save their 
presentation using the "Pack and Go" feature of PowerPoint®, especially 
if digital MPEGs (Moving Pictures Experts Group) or special fonts are 
used (detailed instructions for this procedure are in Power Point® "Help"). 
To ensure that each packed presentation is functional before you leave 
home, you are encouraged to unpack and run the presentation on a 
different computer than was used to create the presentation. Mac users 
can use the in-house systems if their files are saved with the "Pack and 
Go" feature. The onus will be on presenters to verify the compatibility of 
their files with the computers in use at the Hilton Arlington. 
There will be a computer available in the Speakers Ready Room on which 
you can test your files. The standard presentation is 12 minutes plus 3 
minutes reserved for questions and answers, unless otherwise indicated 
by the moderator. A laser pointer will be provided by the session 
moderator. One last word about PowerPoint® presentations: project your 
presentation and then view it from where the audience sits. If you can't 
read it, neither can they. Use contrast to your advantage, especially in 
labels. Blue or red letters in black boxes cannot be seen! White back-
grounds are considered by some professionals to be the best. If you must 
use the "diazo" blue background, then consider lettering in bright white 
or bright yellow. Most other colors will not show up well. Keep the number 
of text lines to 9 to 10, or less, per slide. If you have to say, "] know you 
can't see this, but...," then omit it!! Last, you are not obligated to use 
every font, color andlor feature that Microsoft® puts in its program. Use 
fonts, colors and features both consistently and judiciously. Your audience 
will thank you and, if you are giving a student presentation, it will improve 
your presentation. Remember, your science is on display, not your 
computer skills. 
Poster Presentations 
The poster session provides an additional means of substantive discussion 
of papers for members attending the Meeting. No competing activities 
will be scheduled during the poster session (unless absolutely un-
avoidable). Papers scheduled for presentation in the poster session are 
grouped by category, numbered, and listed with their abstract in the 
Program & Abstracts booklet. Each numbered poster will be allotted a 
correspondingly numbered 4' x 4' space (122 x 122 cm). Indicate the 
abstract number, title, and name(s) of the author(s) at the top of the 
poster so that it may be identified easily; the lettering for this heading 
should be at least 1 inch (72 points) high. A copy of your abstract should 
be posted in the upper left-hand corner of your poster. 
Please Note: Posters can be in English or Spanish, but the abstract 
posted in the left-hand corner of your poster must be in English. 
GET INVOLVED IN OUR MEETING! 
See special information on page 1545 of this Journal. 
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-Friday, June 27th 
ASP Council Meeting ....................................................................... 8:00 a.m.-Noon 
2-3 oral paper sessions or symposia ............................................... ' 1:00-5:00 p.m. 
Welcoming Reception, Pool Area ................................................... 7:00-10:00 p.m. 
Saturday, June 28th 
ASP President's Symposium ........................................................... 8:30-10:30 a.m. 
Stoll-Stunkard Lecture .................................................................. 11:00 a.m.-Noon 
4-5 oral paper sessions/symposia ................................................... 1:00-5:00 p.m. 
19th Annual ASP Auction Preview & Auction ................................ 7:00-10:00 p.m. 
Sunday, June 29th 
1-4 oral paper sessions/symposia .................................................. 8:30 a.m-Noon 
1-4 oral paper sessions/symposia ................................................... 1:00-5:00 p.m. 
Legends of the Game Museum Reception ...................................... 6:00-8:00 p.m. 
Monday, June 30th 
1-4 oral paper sessions/symposia (if needed) ............................... 8:30-10:00 a.m 
Poster Session ........................................................................ 10:30 a.m.-12:30 p.m. 
H.B. Ward Medal Lecture ................................................................ 2:00-3:00 p.m. 
ASP Awards & Business Meeting ..................................................... 3:00-4:30 p.m. 
-Yet again, we are asking you to search your attics, basements, out-buildings, or 
(dare we hope?) coffers or safety deposit boxes for donations to our Annual Auction 
to raise funds for student travel to meetings. Serious, humorous ... whatever you 
come up with ... it's all grist for the auction mill and will be much appreciated. You 
may bring your donationes) with you to the meeting and turn it/them in for 
documentation when you register. Since there is no Local Committee this year there 
is no option to send your item(s) to Arlington. However, you can give them to fellow 
members to bring them for you if you are unable to attend. 
If you have any questions about the auction or about items you may wish to donate, 
please contact: . 
Dr. Kelli Sapp 
High Point University 
833 Montlieu Avenue 
High Point, NC 27262 
336/841-4534 
ksapp@highpoint.edu 
Ms. Lee Couch 
Department of Biology 
MSC 03 2020 
1 University of New Mexico 
Albuquerque, NM 87131-0001 
505/277-2400 
lcouch@unm.edu 
Marc Dresden Student Travel (MDST) Grants 
Applications and directions for MDST Grants are on the ASP web page (http:// 
asp.unl.edu). The deadline for MDST Grant applications and to enter the Student 
Paper Competition is the same as the deadline for receipt of abstracts, Friday, 
March 7, 2008. The chair of this year's committee is Dr. Tamara J. Cook 
(tcook@shsu.edu), Box 2116 SHSU, Huntsville, TX 77341-2116 USA, 936-294-1557 
(w); 936-294-3940 (fax). 
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ASP Scientific 
Program Chair 
Donald W. Duszynski 
Department of Biology 
MSC 03 2020 
1 University of New Mexico 
Albuquerque, NM 87131-0001 
505-277-2704 
eimeria@unm.edu 
ASP Student Liaison 
Carrie Fyler 
University of Connecticut 
Department of Ecology & 
Evolutionary Biology 
75 N. Eagleville Road U-3043 
Storrs, Connecticut 06269 
860-486-1882 
caroline.fyler@huskymail. 
uconn.edu 
Student Paper 
Competitions 
ASP students are eligible for the 
"Best Oral Student Paper" award. 
Applications for the competition 
as well as the specific directions 
are on the ASP web page (http:// 
asp.unl.edu). The deadline for 
Student Paper Competition 
applications is Friday, March 7, 
2008. For students competing in 
the oral paper competition, 
remember that both the ASP 
Scientific Program Officer 
(Duszynski) and the Chairman of 
the ASP Student Awards Com-
mittee (Dr. T. Cook, see bottom 
left) must receive one copy of 
your Application Form (copy 
from http://asp.unl.edu) and 
your abstract. 
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COVER CAPTION: Life cycle of dicyemids. The life cycle of dicyemids consists of 2 phases of different body organization: (a) 
the vermiform stages, in which the dicyemid exists as a vermiform embryo formed asexually from an agamete (AG), and as a 
final form, the nematogen or rhombogen; and (b) the infusoriform embryo that develops from a fertilized egg produced around 
the hermaphroditic gonad called the infusorigen (IN). The infusorigen itself is formed from an agamete. A high population 
density in the cephalopod kidney may cause the shift from an asexual mode to a sexual mode of reproduction (Lapan and 
Morowitz, 1975). However, it remains to be understood how infusoriform larvae develop into vermiform stages in the new 
host. In Dicyema japonicum, the head peripheral cells are composed of 4 propolar cells (PR), 4 metapolar cells (MP), and 2 
parapolar cells (PP). Together, they form a cephalic swelling. The propolar and metapolar cells have dense cilia and form the 
caloUe (CL). Ten diapolar cells (DP) make up the trunk peripheral cells. The caudal peripheral cells are uropolar cells (UP). 
Other abbreviations: A, apical cells; AN, axial cell nucleus; AX, axial cell; DI, developing infusoriform embryo; DV, developing 
vermiform embryo; VI, ventral internal cell. Figure 1 from Ogino et aI., 93: 1403-1415. 
